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PREFACF

This research was motivated by a desire to improve the i
techniques available to the tactical <communicator for
predicting the ©performance of his troposcatter systems.

Improving upon the «classical prediction techniques was 1

recognized from the outset to be a very broad area of study.

oy

Therefore, the first task of this research was to anulyze

the general troposcatter propagation problem 1in enough j

- -

detail to identify specific areas for possible improvement.

This initial analysis proved to be much more time <consuming
than expected but did result in a suitably narrow topic for
detailed study: a modified scattering loss model. i
Subsequent problems with the available path data prevented
the evaluation of the coefficients in the model, however.
As a result, this research has fallen short of providing an
improved prediction algorithm to the engineer in the field.
Nevertneless, I believe that the potential for such
improvement has been adequately dewmonstrated and that a
promising area for continued research has been identified.

1 am indebted to Maj] Joseph W. Carl, my advisor, for

his guidance throughout this effort. I would like to thank

a] Duane B. Reynolds and Capt Ronnie E. Lesher of the Air
Force Communications Command, without whose support this
research would not have been possible. I am particularly
srateful to the engineers at the 5th Combat Communications

Group and the 602d Tactical Air Control Wing for the f1ield
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' data that they have so willingly provided.
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ABSTRACT

"Thuis research investigates transmission loss
predictions for a short range tactical troposcatter radio
system. The analyvsis 1s based on the AN/TRC-97A radio set,
but the conclusions reached should apply to similar
troposcatter systems operatlng at lrequencies from 4.4 to
5.0 GHz and over distances of 160 km or less. A general
analysis of the troposcatter path is performed to determine
the sensitivity of the transmission loss to the various
phenomena which contribute to the loss. That component of

the loss which 1

4]

unique to the scattering process 1is
studied i1n further detail and a modified scattering loss
model is developed. A procedure for determining the
coefficients of the scattering loss model based on observed
transmission loss 1s described. A preliminary analysis of
the path data available for this research is performed. It
is found that the received power probability distribution
for the observed paths does not agree with the theoretical
distribution in all cases. Further, the available path data
is seen to lack sufficiently detailed path seometry
information to complete the analysis of the scattering loss

model. Recommendations concerning data requirements and

continued research are offered.
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I. INTRODUCTION

Background

Early researchers generally belleved that practical
radiov systems operating at VHF frequencies and above were
limited to line of sight applications, Diffraction by the
carth”s  surface was the only mechanlsm which was recognized
to support propagation beyond the horizon at these
frequencies, and ditiraction theory predicted an exponentilial
decrease in  signal strength with distance. With the
development of radar during World War II and of television
tollowing the war, the body of observed data on such systems
expanded rapidly. As the data accumulated a surprisinyg
result began to emerge: the signal level beyond the horizon
was often wmuch greater than that predicted by diffraction

theory alone. The phenomenon which produces this signal

enhancement has since come to be known as scatter
propagation and may take place 1n the troposphere, in the
tonosphere, or beyond. The subject of this research 1is

scattering within the troposphere, known as tropospheric
scatter, or simply troposcatter.

Troposcatter communications systems are now in common
use, albeit within o fairly narrow range of applications.
They are most suited to situations requiring high quality,
multichannel communications beyond the horizon, where
intervening terrailn 1s not readily accessible. Distance

between ground stations ranges from approxXimately 80 to 800




km, with typical operating frequencies between 0.1 and 10.0

Gilz. Permanently installed tropescatter systems are found

in ¢ivilian as well as military applications, while
transportable troposcatter systems are widely used by
today’ s military forces. Although the fixed and
transportable systems share the sane basic operating

principles, fixed systems are generally characterized by
greater transmitted power, larger antennas, and longer radio
path distances. Transportable troposcatter systems are
designed for rapid deployment in support of tactical ground
forces and are generally wvehicle mounted. Transportable
svstems are constrained to less radiated power and smaller
antennas, and consequently, shorter communications ranye.
The ability to accurately predict the performance of a
troposcatter system prior to its iustallation 1s essential
to the effective emplovment of these systems. The
importance of these predictions is particularly accute 1in

the case of tactical sy.tems which must often be installed

J

in unfamiliar terrain in the shortest possible time.

Problem

Present troposcatter performance prediction wethods
produce results which are, in the w@ajority of cases,
consistent with observed performance. There rewmain a
significant number of cases, however, where considerable

disparity exists between predictoed and obscerved performance,

Furthermore, inaccuracles Ln the predictions sevem to be




particularly pronounced for the short tramsmission paths
encountered by tactical systems. The purpose of this
research is to investiygate the accuracy of present
troposcatter performance prediction methods when applied to

short range tactical troposcatter systems.

The predominant tactical troposcatter system in the Alr
Force inventory today 1s the AN/TRC-974. This 1s a
24=-channel system using a frequency modulated carrier 1n the
range from 4.4 to 5.0 GHz. The maxinmum output power 1s 1000
watts, producing a maximum range of approximately 160 km in
the troposcatter mode. The TRC-97A 1s also capable of
operating in line of sight and obstacle gain diffraction
modes over shorter distances.

This research is limited to performance prediction for
the TRC-97A operating in the troposcatter mode. The
alternate line of sight and diftfraction mnodes are not
considered. Also, study Ls limited to "normal" tropospheric
scatter propagation; anomalous propapation phenomena such as
superrefractive ductlng are not considered.

In predicting how a troposcatter system will operate,
several parameters may be of linterest. Characteristics of
the received noise are generally of concern and the delavy
characteristics of the received signal may be Important,
particularly for digital systems. In all cases, it 1s

necessary to predict the level of the received signal. This

™
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study is Iimited to predictions of the received signal
level, or altzrnatively, the transmission loss along the
path.

While this research 1s concerned specifically with the
TRC-974A, the results should be applicable to other systems

operating in the same frequency range and over similar

i e

paths.

Approach and Presentation

The stated problem 1s a very general one: methods of
transmission loss prediction presently used to engineer Air

Force tactical troposcatter systems are less accurate than

desired. How can this very general problem statement be
translated 1into terms specific enough to begin some
analysis? Consider some additional facts. The predominant

tactical troposcatter system in the Air Force 1inventory
today 1is the AN/TRC-97A. Two published path prediction
methods are used with the TRC-97: Air Force Communications
Service Pamphlet 100-61, Volume II, and Technical Order T.O.
31R5-2TRC97~12. Both of these methods were derived from the
prediction procedures contained in the National Bureau of
Standards (NBS) Techmnical Note 101. Tactical troposcatter

path predictions are therefore based on NBS Technical Note

101.

The technical note presents a somewhat complex model of
the troposcatter path. At the time that the model was
developed (and still today), theoretical explanations of

>~




troposcatter propagatlion could not fully account for the
transmission loss which was observed wover actual paths.
Empirical adjustments were tncorporated 1into the model to
lnsure the Dbest agreement with available path data. Note,
however, that the TRC-97 operates in the frequency range
from 4.4 to 5.0 GHz and with a4 maximum range of
approximately 160 km. The measured path data which
influenced the NBS model were predominantly from lower
frequencies and/or longer distance paths. It 1s possible
that different empirical adjustments would have resulted 1
path data more representative of the TRC-97 had been wused.
If so then two pussible approaches come to mind for
improving the correlation between the TRC-97 performance and
the model: (1) rectify those theoretical deficiencies which
made empirical adjustment necessary in the first place, and
(2) modify the adjustments so they are tailored to the
TRC-97.

The lacter approach 1s adopted in this research.
First, the general characteristics of the troposcatter path
are described 1n Section II. Next, a general model of the
path 1s developed 1n Section III., The "classical" path
moaels are described in Section 1V and compared with the
seneral path wmodel in Sectionm V. Section VI tailors the
seneral wmodel to the TRC-97A. Finally, a modif e

scattering loss model 1s investigpated in Section VII.
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IT. THE TROPOSCATTER PATH

The troposphere 1s the lowest portion of the atmosphere
and the region 1n which wvirtually all weather phenomena
occur. While the boundries between atmospheric reglons are
indistinct and highly varlable, the troposphere 1is
customarily considered to extend from the surface of the
earth to an altitude between 10 and 20 km. The composition
of the troposphere is essentially that of the air at ground
level, although the density wvaries with altitude and
meteorological conditions. By contrast with the 1lonosphere
(approximately 50 to 500 km), free ions do not exist within
the troposphere 1n sufficient quantities to affect radio
wave propagation. Relative to troposcatter radio
propagation, the most significant characteristic of the
troposphere 1s its high degree of turbulence.

Present theoretical explanations of the tropospheric
scatteriny phenomenon do not completely account for the
observed results. Further, researchers 1in the area do not
fully agree onm the underlying physical wmechanism, so several
theories exist. The earliest, and probably most widely
accepted theory 1s based on turbulent scattering in 3 medium
which 1s nonhomogeneous in all dimensions (see for example
Ret 3). Other theories dre based on a4 scattering medium
having a layered structure (nonhomogeneous in two
dimensions) or a number of other specialized cascs of the

nomhomogeneous structure. It 1s very likely that the true




structure 1s more complex than that proposed by any of the
prominent theories. In any event, thls research does not
directly depend on a precise statement of the scattering
mechanism.

The important geometric parameters im the troposcatter
path are illustrated in Figure 1. The smooth earth distance
between transmitting and receiving stations is d. The

distance from the transmitting station to i1ts radio horizon

is dlt and the distance from the recelving stationm to its
radio horizon is d, .
lr

The altitudes of the transmitting and receiving

stations are given by h and h respectively; the

tg rg

altitudes at the center of the transmitting and receilving

antennas are hts and hrs' The altitudes at the two radio
horizons are given by h nd .
rizon g y by, 2 hlr
eet and eer are the elevation angles (angle relative to

the 1local horizontal) of the transmitting and receiving
antennas respectively. The angles N and 80 represent the
elevation angles of the transmitting and receiving antennas
relative to a straight line between the two antennas. The
scattering angle 90 is the angle through which the
transmitted signal must be scattered 1in order for it to
reach the receiving antenna. The quantity ho 1s the
distance between the straight line between antennas and the
horizon ray «crossing point. The effective earth”s radius,
a, 1s that imaginary value which would permit the normally

curved (because of refraction through the atmosphere) radio

ﬁ——-—-—-—————-———._m

A a a2




T

Yyied 1s13edsodoiy 8y jo Lijawoe9 [ 2andiyg




rays to be represented as straight lines, and is a function

of the true earth”s radius and the radio refractivity.




ITI. A GENERAL PATH MODEL

The first major research goal 1is to obtain a sultable
model of transmission loss along the troposcatter path.
Ideally, the model will be 1in a torm that can be related to
the prediction mwmethods presently employed by Air Force
engineers. Ideally, the model will also remain as general
as possible in order for the research results to have the
widest applicability.

As pointed out in the previous section, the most
notable characteristic of the troposcatter path 1s 1its great
variabilicy in both time and space. Thus, to be fully
characterized, the path must be modeled by a stochastic
process. The path model developed here begins at an
elementary level with an emphasis on the distinct phenomena
which influence the path. Initially the model 1s so general
that random 1influences are not easily distingulished tfrom
deterministic influences. Therefore a preliminary algebraic
model is developed first. Only at this point 1s 1t clear
precisely what the path 1nfluences are, and whether or not
they are random 1influences. hen the algebraic model 1is
transformed into 4 stochastic model, taklng account of the

random 1nfluences previously identified.




The Algebraic Path odel

Beglning in very simple terms, the relation between
transmitted power and received power along the path can be

expressed as

=P + G +G_ - 1L 1
Pr t t r (1)
where
Pr = recelived power, dbm
Pt = transmitted power, dbm
Gt = effective transmit antenna gain, db
Gr = effective recelve antenna gzain, db
L = system loss, db

The effective antenna galns, Gt and Gr’ can themselves

be expressed as

G, =G + L (2)
t tf st
and
G_ =G_. + L {39
r rf gr
where
th = transmit antenna gailn in free space,
relative to amn isotroplc radiator, db
Grf = receive antenna gain in free space,

relative to an isotropic radiator, db

i1




L = transwlt antenna aperture-medium coupling

st
loss, db
L = recelive antenna aperture-medium coupling
L‘r
o
loss, db
The free space 1sotropic antenna galns, G and G __,

tf ri
are the measures of adntenna gain most frequently stated in

-,

manufacturers” literature. Thils measure of galn assumes
that all components of the transmistted signal arrive at the
recelving antenna rfrom the same directlon and 1in phase
coherence, as would be the case 1if the antennas were
operating 1n free space. When the antennas are in a medium
other tnan free space this coherence of the signal 1is
subjJect to distortion. Over a troposcatter path cowmponents
of the transmitted signal may be scattered from any poilnt
within the scattering volume. The signal arriving at the
recelve antenna appears to originate at a large number of
polints within the scatter volume, all at different angles to
the antenna ceaterline. The galn of the antenna 1s reduced
when the received signal arrives from a direction other than

along the antenna’s centerline. The net erfect of this

o
noncoherent signal on the antenna can be represented as a
reduction in i1ts tree space gain, and 1s generally referred
to as aperture~to-medium coupling loss, or loss n antenna
gain.

The system loss, L, represents the combinued eriect 01

several distinct phenomena on the transmitted signal., For

the troposcatter path Lt appears that all ot thve loss

12
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components oan Du dovounled lor by tie eXxpressicn

L =L + L + L + L + L Co
£s 5 h 4 e
where
L = systen loss, db
L. = Lree space loss, db

£s
L_ = scattering loss, Jdb

S
Lh = sround reflection loss, db
La = absorption loss, db
L = equipment loss, ab

%

Free space loss, L 1s the reduction in power density

fs’
of an expanding wavelfront with distance as 1t travels

through free space. Scattering loss, L _, 1s that loss which
S5

1s attributable to the scattering phenomena within the

troposphere. The ground retlection loss, Lh’ occurs wien
siznal components reflected from the terrain 1n the
near-field of the recelve antenna arrive at the antenna out
of phase with the direct components to cause partial signal

results when 1pnal

o

cancellation. The absorption loss, La

energy 1s dissipated as heat wnen the signal interacts with
the molecules within the atmosphere. The equipment loss,

L, is that loss wilch occurs between the transmitter and
e

transmit antenna, and between the receiver and receilve
antenna.

Combininyg Eqs (1), (2), (3), and (4) gsives

13
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Rearranging Eq (53) into the somewhat more mnemonic form

(Power Difference) = (System Galns) - System Losses)
glves
p - P =G . + G . - (L + L
r t LI rf gt or
+ L. + L + L.+ L_+ L) (6)
fs s h a e

The Stochastic Path Model

Discussion to this point has introduced the
nondeterministlic nature oL the troposcatter path. Such a
characteristlc is not surprising when the vartiability of the
scattering medium 1s considered. In the previous section, a
phenomena~oriented path model is developed without
attempting to account for the random characteristics of the
patih. This approach 1s appealing from the standpoint of
simplicity and emphasis on the general physical phenomena
which affect the troposcatter transmilssion. Indeed, as
development of the algebraic model was begun (Eq (1)),

recelved power was characterized simply as a function of

transmitted power, antenna gains, and nonspecific svstem
losses., Without some further knowledge of these svstem
losses, discussion of random 1influences 1S not very
satisfyving. Working from Eq (6), however, the losses

assoclated with specific physical phenomena can be isolated

14
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and the randomness appropriate to these phenomena  can  be
introduced.

In attempting to differentiate between random and
deterministlic 1nfluences, one 1s quickly conironted with a
dilema: 1f observed in sufficient detaill, any physical event
can be <considered random in some respect. However, the
randomness of certain factors may be on such a small scale
relative to other ractors, that the randomness may be
ignored without significant loss of accuracy. This 1is
assumed to be the case for several terms 1n the troposcatter
path model. Followlng are the notation conventions which
are used for random quantities.

The random variable whose possible outcomes are

(Grr Tz2e0 = o o %}
1s given by
X{z)
which i1s jenerally simplified te X when clarity 1is not
compromised. The value which the random variable X takes on
for a specific outcome 5w is represented by tne

deterministic quantity or more simply, X. The

L

distribution and density functions of the random variable X

v

are given Dy
F (x) and £ (x)
X X

respectively, and are generally simplified to F(x) and f(x).

15




The stochastic process representing a tamily of time

tunctlions oI the possible outcomes

(RTRIEE ) N
15 glven by
l:'(t,'-)
é which 1s generally simplified to f(t).

Consider, then, the algebraic path wmodel given by

a function of the

/2]

Eq (6). The received power, Pr’ 1
remalning terms, and derives 1its randomness from them.

The envelope, or average transmitted power, Pt’ 1s
assumed to be constant for a given radio path. Since
frequency modulation 1s almost universally used as the RF
modulation technique in troposcatter systems, c¢nvelope power
is independent of the modulating signal. Fluctuations 1in
the output power due to varying equlpment parameters are
considered to be negligible.

The free space antenna gailns, th and Grf’ dre
functions of the size and shape of the antennas, as well as
the operating frequency. Thus, for a particular antenna,
iree space gain depends only upon frequency. Furthermore,
the range of possible operating frequenclies of a yg=gn
troposcatter system 1s normally narrow enough that variation
in free space antenna gailn 18 ¢ only considered to be

negligible (see tor wexample, Rer 1: 5.20); such an

assumption 1s made here.

16




In the previous section, it 1s shown that the
aperture-medium coupling losses, Lgt and Lgr’ are a result
of scattering ol the transmitted radio energ within the
troposphere and the resultant noncoherence of the eneryy
when 1t reaches the recelving antenna. The scattering
mechanism has already been shown to depend on a number of
highly variable parameters of the troposphere, such as wind
velocity and refractive 1ndex gradient. Thus, 1t 1s
intuitively appealing to consider the scattering mechanism
to be represented by a stochastic process, and 1t will be
seen that such a representation is well born out by other
researchers. Even if this were not the case, however, no

generality 1s lost by a random process representation.

Denoting the scattering mechanism by the stochastic process
s(t,:) or s(t)

then the aperture-medium coupling losses can be expressed as

functions of free space antenna gain and the scattering

process:
I:;;t(t) = gl[ctf, §(t)] (7)
ana
Egr(t) = gl[crf, §(t)] (8)

The free space loss, Lis’ can be expressed as

5
4nd -

L. = |e— (9)

17




where

c.
[

path length

\ = wavelength of transmitted signal

and d and ) are in like units. (Ref 5: 101) Making wuse of

the equality

o= (10)

L]

where

\ = wavelength
t = frequency
¢ = speed of light

an alternate expression of the free space loss 1is

(11)

The speed of light 1is constant and the frequency 1s taken as
the carrier frequency of the radio system, which 1Is also
assumed constant for a glven path. The path length,
however, clearly varies as a result of the scattering;
components o1 the transmitted radio energy which are
scattered from different points within the scattering volume

will in general travel different distances to reach the

recelving antenna. The sensitivity of Lfs to variations in
d caused by this scattering depends on the jeometry ot tae
16




radio path. For the present, however, the tree space loss
1s taken to be 4 function ot the operating trequency dnd

etfective path length, D(t):

where the etrective path length 1s 1n turn a function of

hori1zon rayv path distance, d, and tiae scattering:

D(t) =1.;3[d, s(t)} (13)

By definition the scattering loss, Ls’ is that portion
ot the transmission loss which 1s directly attributable to
the scattering mechanism. As a milinlwmum, then, Ls would be
expected to be a function orf S{t). As 1s shown in the next
section, other researchers generally agree that L can be

expressed 1n  terms ot path length, frequency, scattering

angle, and refractivity. It 15 theretore postulated that
L (e} = 5, lt, Dle), o(ey), N(t)] (14)
s 4 2 - -
where
1 = frequency
D(t) = path length
8{t) = scatterin; angle
N{t) = radio retractivity
D{t) ¢an 1n turn be expressed  ds  d tunctivn ot the

hortitzon ray path length, 4, and the scattering process as

Jlven by Eq (133,

&




Similarly, 8(t) 1s a functlon of horlzoun ray scattering

angle, 89, and scattering:

o) = 5, (8, S(c)] (15)

and N(t) is a function of radio refractivity along the

horizon ray, Nh’ and the scattering:
5(:) =g,7[2."h, §(t)] (1ob)

The ground retlection loss, Lh’ is basically a function
Oof frequency and the geometry of the path. As has already
been seen, however, the path geometry 1s dependent upon the
random variations in the scattering process. As a minimun,
then, it appears justified to treat the ground reflection
loss as a random process 1itself, kh(t). Rice, et al. (Ref
9: 9.3-9.4) have derived an expression for this loss
expressed 1n terms of ftrequency, path length, scattering

angle, antenna neights, and antenna elevation angles. Based

on these results, Lh(t) can be expressed as

I:h(t) = gslf, ?(t), ?(t), ".‘.(t)‘ :,(t), he o hre] (17)

where

f = frequency
D(t) = path length
8(t) = scattering angle
a(t) = radio wave departure angle
i(t) = radio wave arrival angle
'nte = effective transmit antenna height
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In cthis
arrival angles

center-ray

antennas, a

path length,

scattering

expressed as

where
t
D(t)
D (t)
~a
and

and

Atmospheric

As above, path
(Eq (13)). The
influenced by

expression,
depend upon the scattering mechanism and

elevation

(certain frequencies

and density of

many

phenomenon.

L
~3a

effective

recelve antenna height

D.t) and 8(t) are as given above and

the

angles of the transmit and receive

o’ respectively:
3(t) = 59["0’ §(t)] (1s)
f(t) = 510[30, §(t)l (19)
absorption loss depends upon frequency

are more readily absorbed than others),

the atmosphere along the path.

length depends upor the scattering process

atmospheric density, D , is

a similarly

of the same factors which produce the

The absorption loss then can be

(t) =

gll[f, ?(t), Ba(t)l

Irequency
path length

atmospheric density

D (t) is itself a function of the scattering process:
Za

Pa(t) = 512[§(t)] (21)




The equipment loss, L , represents losses within the
@

transmitting and recelving equlpment, and 1s composed

principally of waveguide losses. It is assuwmed that for a

siven equipment configuration, this loss is constant.
Combining the above results gives the following

stochastic model, whicihh parallels the algebraic model 1in

Eq (n):
P (t) - P =6G_ . +6G . ~[L (t) + L _tt)
~ T t tr rl ~ ot - T
+ L. (t) + L () + L (t) + L () + L | (22
~Is -5 “h ~d e
Nothing has been said thus far concerning the

statistlcs of the various random quantities discussed above.
This 1s the subject ot further discussion 1n Section VI as
the general wmodel oL Eq (22) 15 tallored to the TRC-97.
Based on the tunctional relationships described above,
however, one would expect tne statistical dependence amonc

the terms of Egq (22) to be rather complex.




Iv. THE CLASSICAL PATH MODELS

Several path models have been mentioned so far. The
model in AFCSP 100-61 (Vol II) is primarily derived from the
MBS model, but 1t contains an additional term taken fron
another model published by the International Radio
Consultative Committee (CCIR). The nodel in T.0.
JIR5-2TRCY7-12, also known as tae Collins model, 1s also
based on the NBS model, but 1t contalns additional terms
derived directly from expertments with the TRC-Y7. In fact
there 1s a small family of models which are similar in torm,
yet are considered 1n the literature to De more or less
distinct models.[1]

Following is a brief description of these wmodels, with
4  summary appearing 1in Table I on page 31. The models are
stated uslnyg the notation in which they were originally

publisned.

1] other aodels exist which ditier sutticiently on fora as
to oe excluded from this “tamily . dotaple 15 tue moded
publisneu ov Pusone (Ret 710 hi=nd),




L(0.5) = 30 log £ = 20 log d

+ F(Bd) + F + H + Ao = V(d ) (23)
8] e

L(0.5) = long-term median transmission loss, db
I = {requency, MHz o
d = path length, xm

F(®d) = attenugtlion functlon, db

F = sc¢atteriny etfftclency, db
H = frequency galn function, db
A = atmospheric avsorption, db

clratalogical facrtor, ab

<<
—~
[o%
49
~
I}

This model was developed at the Central Radio Propagation

Laboratory ot the dational Burcedauw ot standards (SBSY and 1s
probably  tne most widely known and uscda model todav. It 1s
tine basls tor WBS Tecnnical Sote 10D (Rer 90 10, cublisined
in 1o o, wiltch provides doetatled procedures (or predioizin.
tue path loss over 4 tropescatter path., The  NBS  modeld L5
Uile Hasia Por the predlotion metnods 10 owotn AFCSP 1du=-o1l,

Vol 1D ¢3¢ L anua T, LR =-2TReT =10 (Rer 120,




CCIR Model
L(50) = 30 log t - 20 log d + F(8d)
-G - v{d ) (24)
p e
where
G =G+ G_ = .07 exp [.055 (¢ + G V]
p t r r
and
L(50) = long-term median transmission loss, db
f = frequency, MHz
d = path length, km
F(6d) = attenuation function, db
Gp = effective antenna gain, db
V(de) = climatalogical factor, db
Gt = transmit antennd free space gain, db
Gr = recelve antenna free space Jain, db
The model published by the International Radio Consultative
Committee (CCIR) (Rel 8: 200) was adapted largely ifrom the
UBS model. The CCIR simplified the NBS model by eliminating

tie terms Fo’ HO, and Aa’ which were felt by the CCIR to be
of only minor significance. They also added a term {or the
aperture-medlum coupling loss, which was not explicitly

tncluded 1n the

WBS work.

L]
wa




PRC Moael

L(30)

+ 10

where

and

L(30)

[}

log d + f(H) - .08 (HS - 323) - ¢

124.6 + 30 log t + 30 loz 8

5
20 loy (353 + .3H) + 65H
(s6d/4)
2
(481)/(1 + Sl)“
dl/d2
~ ~ - 5 55 5 + G )
G, + 6. 07 exp [.0535 (bt br,]

long term median transmission loss, db
frequency, MHz

path length, km

surface radio refractivity

effective antenna zaln, Jdb

scatter angle, radlans

distance from the horizon ray crossinyg
polnt to the transmitting antenna, «Kmn
(see figure 1)

distance from the horizon ray crossing
point to the recelving antenna, kn
(see figure 1)

transmit antenna [ree space gain, db

recelve antenna tree spdce gsaln, db

-




This mouel nas been developed by the People™s Republic gL

Culna (PRC) and L1s publisihed by the CCIR (Rer 3: 201) 25 an

alternate method of transuisstion loss prediction,

Norcon odel
= 3 . + A + 5 - F )
bos 30 loyg & 30 log d 0 log 8 rv(o
+ F(f9,l )} + K _[(n_ /)] +oH Ch /v ]
v ot t or re
- .15 (% - 3038) + 120 (26)
:
N L)
where
= long-term median transmission loss, db
bms
t = frequency, MHz
. *
d = path length, statute miles ¢
9 = scatter angle, radians g
F (s) = asymmetry function, db
v
F(fe,lv) = blob size correction factor, db i
ool /)l o+ 0 [ /r)s]
ot te or re
= {requency gain function, db

surface relfractlvity

The dorton  wmodel (Ref 4: 44) 1s tne earliest of this _roup
ol wmodels and has nad considerable 1ntluence on tie others.
note that 1n Norton's notation, 4 t[('n /oyl denotes
g

"1 Lo 4 function ol [(h[)/\)u]” rather than an alcebratc
J 2 :

expression wnvolving b3 similarly 11 [(a /. )s] represents
ot . or re !

" ; 4 lunction ot [(ht JAY b0 For case ol aotallion we
ar <

Wit deitne




4 =1 [(n
ot

(&4

/)] o+ [ (& /a0
or r

2

Tols appears o 9oe¢ precisely Che substltutlon made oy toe

r

authors otf Technical Yote 101.

. = 30 log £ + 30 loy d + 20 log 8 - F (s) !

oS v 3

+ F(re,1 ) + 4 [(h /x)x] + H [(h_ /)] i
v ot te or re

- .43 (% - 308) + 126 (279 1

where

IAPIPINEUNNIE

long-term medlan transmission loss, db

bms )
t = trequency, MHz :
k'l
d = path length, statute miles
6 = scatter angle, radians
F (s) = asymmetry function, db
F(fe,lv) = blob size correction factor, db
H oo [(h_  /ayal +# H_ _[(h_ /1)z]
ot te or re
= frequency galin functilion, db
M = surface refractivity
s

Although this 1s referred to as the Rider model in some
of the literature 1t 1s more accurately described as RJider’s
modification to the Norton model. Rider, workinyg with a
different set of experimental data than that which RNorton
had used, found that better agreement between his data and

the model could be achieved 1L the coefflicilent ot the

refractivity term, (NS - 308), were changed 11rom .1l1536 to

[£5]
o

et e e il




.43, (Rer 11: 203-210).

Yeh Model
Lp = 57 + 108 + 20 log d + 30 log ¢
- 2 (H - 310) 28)
where
Lp = long-term median transmission loss, db

= gcatter angle, degrees

d = path length, statute miles
t = frequency, MHz
N = surface refractivity

Yeh developed his model (Ref 14: 193-198) to provide a
reasonably accurate yet simple alternative to the nmore
cumbersom methods, such as the NBS model. This method has
tne most pronounced empirical basis of those <considered
here, and its simplicity appears to be gained at the expense

of some potential accuracy.

AFCSP 100-61 lodel

L = 30 log f = 20 log d + F(6d) + HO + A

+ 90 - V(de) - .07 exp [.055 (Gt + Gr)] (29)
where

L = long term transmission loss, db

f = frequency, Gz




d = path lenzsth, kn

£t(8d) = attenuation function, db
Ho = frequency gain tfunctilon, db
Au = atmospheric absorption, db
V(de‘ = climatalogical factor, db
Gt = transmlt antenna L[ree space galn, dJdb
Gr = recelve antenna free space galn, db

This model appears 1u AFCSP 100-61 (Ref 1) where 1t 13
presented 1n a tabular worksheet form. The algebraic
expression ot Eq (29) is not specifically stated but rather
tncorporated 1nto the worksheet. The model i1s essentially a
combination of the NBS and CCIR models. The AFCSP 100-61
model incorporates all of the terms of the NBS work except
F , which 1s omitted. To this 1s added an aperture-medium

coupling loss term
.07 exp [.055 (G, + G )]

whilch 1s taken rfrom the CCIR model. The constant term, 90
db, results from expressing the frequency 1in GHz rather than

iz, i.e.

30 log

f = o f 0
g IHHZ 30 loyg ¢ + 90

Gz

AFCSP 100-61 (Vol II) 1s intended for use bv Alr Force
engineers 1in designing all types of troposcatter systems.
The method 1t presents 1s considerably more complex thun
that given 1n T,0, 31R5-2TRCY97-12 specitically tfor the

TRC"()7A.

30




Collins ilodel

The Collins model is that which 13 incorporated 1nto
the AN/TRC-97 technical orders (Rerf 12). It 1s the most
specialized of these models, having been ctailored Lo a
particular radio set. As it appears in the technical order
1t 1s entirely a graphical method. The underlying

analytical basis, however, 1s the NBS model.

31
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V. CONPARLI oL oF THE CLAsSsTCAL MOokRLs WILH

The previcus section Jdescribes a tanilv ol Cidssical
path  wmodels  expressed  us  tihev were oriagiunally publisnea, )
Looking at the sumary 1. these HoGe L s 1 FTavle I ERVINEE ‘.
stmtlariey IS tie Porm ol Lue dloders 1as dpparent, Yel Coco “
models ure sulricientiy virterent o @daae Jdirccot campdrison
Jgrtticule. Also tLols Aol Clear wnlea terus o o1n Loe models
)
currespoad to the various luss puenowmend  dlscussoed in ‘
Section ILlr. Antrcipating tinat suoeh comparlisons mayvy shed
turtaer lignt on the patihh modeling prouvlen, the classical 4

models will be tranmstormed, as closely as possible, 1nto the

torm ot tie algedbrar: path wod:l siven bv Eq (o).

Conslder t1rst Uhe dBS aodel (Zq 2307, Neltner  the
Jperture-moediun coupilin. loss nor the cquipaent loss are
tncluded 1tn tars uodel. The Sround rotlection loss ana
almospueric abzorptioun loss dre represented bv H” and
A Treospectlively, The remarnin, lerms oi Lite model
a

30 Lo, L, - 20 1o, d + opried) - i - Via €300
e KT o "

represent Lae saw ol Lile Lres space and scatterin, losses,

Usain, Hqg (11) the tree spave Joss can be expressed as

D Tz : T

roaiternatave




= 2 . f 2 ,
Lfs 20 log tGHz + 20 log dkm + 92,4 (32)

or

= 2 < 2 1 . .
LfS 20 log fMHz + 20 log dml + 36.6 (33)

Subtracting the free space loss from Eq (30) then gives

L =10 log

s £ iz 40 log dkm + F(8d)

- F - V(d ) - 32.4 (34)
0 e

Stating the attenuatlon function, F(8d), in analytic terms
provides further insight into the basls of Ls' Defining the

path assymetry factor as

where the angles 4 and ﬂo are as given 1n Filgure i, F(ad)

can be expressed as follows: (Ref 9: Section 9,1 and Ref 10:

(9]

Section [II.5)

For 0.0l < ed < 10, N = 301:
o

F(Bd) = 30 log (ed) + .33 Od + 135.8 (35)

For 10 < 9d

[N

70, ”s = 301, 0.7 < s < 1.0:

F(ed) = 37.5 loy (Bd) + .212 8d + 129.5 (36)

For 8d >» 70, Ns = 301, 0.7 < s < 1.0:
F(Bd) = 45 log (Bd) + ,157 Bd + 119.2 (37)
Furtaer, for values ot ”5 otner than 301, the function F(8d4)

j4

——-—-——.—_—__“
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1s 31ven by

F(ed, 3 ) F(ed, M = 3G¢!
3 S

[.1 (N - 301) exp (-6d/40)] (33)

It can be shown that the value of the product 6d for a
practical TRC-97A path will not exceed 10. Experience has
shown tnat antenna elevation angles (eet’ eer) in excess ol
1.0 deg will not generally support usable communications
with this system. Using the procedure in Appendix A with
8 = 8 = 1.0 deg (.0175 rad) and N_ = 290 [2] 2ives the

et er s
maximum value of the scatter angle, 6, as L0542 rad. With

the mwmaximum range of the TRC-97A taken as 160 km, the

maximum value of the product 6d is then
MAX (6d) = (.0542 rad)(160 km) = 8.67 rad-km

For the TRC-97A, therefore, Egqs (35) and (36) are
combined to give an expression for F(6d) which is valid for

all values of s and Ns

F(8d) = 30 logs (8d) + .33 6d + 135.8

- [.1 (ns - 301) exp (-8d/40)] (39)

Combininyg this last result with Eq (34) then gives

[2] Scattering angle, e, varies taversely  with  tae

refractivity,




L = 10 lo ., - 10 loe 4. + 30 lo. =
; e AL
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does ot appear to  be ot any lmmedlate Denel 1l Lo tie

resent analvsis, and therorore 13 not usea. [nstead,

Values ol ViIia ) are obtained trom Figure AlS, witl il
2

rapunicaily represents Eq (42).

‘or the NBS model then, E£q (4U) 1s taken tu represecnt

tae scallering loss. Table Il sumarizes the above results
s Welloas sitmilar results tur Lire Cemalnineg classical
Dode b, Jrspluaved 1n this wanner tine relationsiilps detween
tae medels o oand tne underlyineg loss phenomenad  DLedome @O
sear, and comnpartlson between models s o racilaitatoed,
Joe CUIR modeldl 15 simiidr to the SBS model. The CUTR
Lo e andd s 4 dpertureTmedlun voup s oy luss ler
LOT exp .00 G s !
L r
s0G de el oos o Lire Laorms 'r‘, H\“ and \J
Tie PRU wodedr mse s towe EINRUNE dperturc-~medium coupiing
Soon arpe s o in Lae VPR mode ., substravting L + L '
' ot T
il : et VIR : [T B rren [ P it
S o
v " B : T ;;, A e e R
+ it ’ - - Vo - y 2 + LR A . Lo
o = il B + 5 + '
SH
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L oCcan e suewn o thnat Or 4 reasonabily o svmmetrio patn Y o1
relatively liseustitive to tire dsyvmetry function Sl.
SPvoilbodae sy or O I l.u twnircn tncludes Lav
la or ity ol racticdli puatins ! sl cdan o vers closcely
dyproairmated oy o dssumln ;Sl = 1 ownioh oLives
tiild = 20 tos IS o+ L0070 Ag] o+ L1n o8d, (G
Rm
substituting this result 1nto Eq (=3) sives
L(>0) - (L + L + L.y =10 1o, 1, - 10 log d.
2t 3T rs MHz Wi
+ 30 log 9 + .lo 8d - .03 (N - 323)
5
+ 92,2 + 20 low [I + 075 8d] (45)
At thrs polrnt, the limited 12tormation on the derivation ol
te PRUC model makes turtiner conclusions soRtewhal
speculative. Zq C45) contains no dpparent vqulpment Loass
term. By comparison wiliti the olher moeodels, 1t secms sale Lo
concluae that il vut the last term ot O B G I Iro
conponents ol tire scattering loss, L The ori1n o tne
b3
remaiiiling term
20 loy [53 + 075 Ha]
s not at all obvious. Lacking turther 1niormation Chen
Egq (495) wiil be taxken as ULhe sum oi L, L., and L, an
b il o
snown tn Table IT.
34
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In cthe Norton model given by Eq (26) the sround

retlection loss
Hoo=H [((h /vy« + 1 [(h_ /v)=ed
ot te

can be clearly identified. Subtracting the free space loss

(Eq (32)) and the ground reflection luss from Eq (2b6) 2ives

- . - L. = 10 loy 1. + 10 log d
bms Lt s n - HHz L
+ 50 log 8 - .15 (n - 308)
2
+ 39,4 - F (s) + rlre,1 ) (46)
v v

When Horton publisned this mudel, analytic expressions f[or
the asymetry function Fv(s) and the blob size correction
factor F(fe,lv) were not explicitly given; 1lnstead tney were
shown graphically (Ret 4: Filgures 2 and 4). Applving the
parameters ot a practical TRC-9Y74 path to these graphis,
however, both Fv(s) and F(Lﬁ,lv) can be shown to Dbe

neglislble. Thererfore, no furtier attempt 1s made here Lo

derive the analytlic expressions [or these WO terms. Norton
does indlcate that these terms result trom toe scatterain.
process, 50 Lq (4o Ls taken to represent the scatler:n.

toss, L, as Si1ven Dy Lbe Norton model.
>

As polrnted out in the previous section, the Rider moded

15 more correctly a moditication of Norton s modoel, the onlw

Jittlerence bein tive constant dassoctlrated wilti Lav
relravtivity term, The derivation ol Lhe Kider noacl as gt
ippedrs an Tavic 11 1 tacretore pdentical toe taat tor e

Lorton nodel,
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due  to sround rerlection,
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his wodel. The model given b
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Subtracting Loy CEy (32))

log + 10

Sz

1n degrees. This

10

+

Ui
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log ©
08 Lypg

1n radians.

As described in the

100-61 1s a composite

aperture-medium coupling loss

glven by
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+ .33 8d - L1 GH = 301D exp (-8d/40)

+ 133.4 - V(g )
e

The Collins model 15 presented graphlcally.

zperture-medlum coupling loss and equipment 10S§s
tabulated for various egqulpment conflgurativns.
comblnation oL Iree space and scatterlilg losses 1s

Irom two graphs. The first graph 1ves a bastic loss

G-

transmisslon  over a smooth carth, wihile the second

slves an additional loss to compensate for the etfect
lrregular  terraln, No attempt is made here to deriv
analytic expressions trom which these zraphs

constructed.
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VI. THE GCENERAL PATH MODEL TAILORED

TO THE AN/TRC-97A
Lq (22) gives a model of the troposcatter path which
attempts to account for all the significant random
eneral enough to

influences on the path. It 15 also

2
encompass all of the more speciliic classical models which
have been examined. As stated previously, the primary goal
of this research 1s to examine empirical adjustwments which
are necessary to bridge the gap between the theoretical
model and experimental evidence. To do so will require some
numerical analysils of the model iIn Eq (22), a task which
appears to be quite tormidable, gilven the complex
statistical dependence among the terms 1in this model. If 1t
turned out that some of the terms in Eq (22) were far less
sensitive than others to the random wvariations 1n the
scattering process, some simplification of the model may be
justified prior to numerical anmalysis. Thus one could, as a
first approximation, sacrilfice some senerality and accuracy
1n the model tfor the sake ot narrowling the complexity of
further analysis to managable limits.

Typlcal Path Model Values for the AN/TRC~97A

First 1t 1s 1nstructive to examine typilcal values wihich

one  would expect of the terms In Eq (22). Figure 2 shows
these values tor the TRC=-97A, as calceculated using the

classical wodels.

43




VI6-D¥L/NV 92Uyl 103 [opO}] yivd [riousn oyl ur sanjep jed1dA] gz aan¥dty

wqp 09 - =
uoiDIN}DS
SEYYCEL Y

® o1 qP ISI - O¥I
wqp €0t - =

) Ploysauy}

(Ys'p 1}-8) 13A19901

qp 8¢ +

qP 2'1-0
/

44

O 4 (WP + T+ W1+ % ¢ )0+ B - Mo 4 Ho - g - ()4

(M 1)
qp Gl - 8¢ wgp 09 +

Qp 21-¢'0 ap €2 - O'l




e i oo v

Buso s

One kilowatt 1s the nowminal maximum output power oI the
TRC-97A, and that which is normally used in the troposcatter
propagation mode. The free space gain of the antenna with
which this equipment 1s primarily configured, an 8-foot
parabolic antenna, is specified by the manufacturer as 38 db
(each antenna).

The value of the aperture-medium coupling loss, Luc and
L;r’ given by the technical order and AFCSP 100-61 are not
in agreement, so both values are given. Table 9-5 of the
technical order (Ref 12: 9.10) gives the aperture-medium
coupling loss as 1.0 db for each antenna. AFCSP 100-61

calculates the aperture-medium coupling loss for the palr of

antennas as

)]

.
+
-

I

st - .07 exp [.055 (th + Grf

= .07 exp [.055 (38 + 38)]

4.58 db

or equivalently, 2.29 db for each antenna.

The free space loss shown represents the range of
values possible depending wupon the cholce of operating
frequency and path length, and is calculated T{rowm Eq (31).
For the TRC-97A7s minimum operating frequency (4.3 Gilz) and
a  path length approximating the minlmum range Lo the

troposcatter mode (60 km),[3] the free spacc loss 1is

&~
WA




L. =20 log + 20 log d, + 32,4
5 km

Dtz

20 log (4400) + 20 loyg (60) + 32.4

140.8 dt

For the TRC-97A"s maximum operating frequency (5.0 Giiz) and

nominal maximuw range (160 km), the free space loss 1is

L. = 20 log (5000) + 20 loy (160) + 32.4

150.5 db

Computing the range of values for the scattering loss
1s less straight forward because of the interdependence of
several factors and the need for speclific terrailn
information. The basis for calculating typical values of

L for the TRC-97A is Eq (40):

LS = 10 log fMHz - 10 log dkm + 30 loyg o
+ .33 ed - .1 (NS - 301) exp (-8d/40)

+ 103.4 - F_ - v(d ) (40)
) e

Calculation of the scattering angle requires detalled
information about the terrain which the path traverses.
Accounting for every possible variation in the terrain would
be a formidable task, and the joal at this point 1s simply

to estimate the range of values for the scatterin, louss.

{3) Thuis LS actually well below the wmintmum dirstance at

which the troposcatter mode 135 normally dominant.
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herctrore, tor the purpose ol boundinyg LS, 4 path over 4
smooth edrtiu will be assumed. Antenne inluvrmatlion 1s also
required: use of an 8-foot parabollc antenna w1l continue
to be assumed.

It will be seen that 1n Eq (40), & depends upon the
choice of both d and NS. Furthermore, V(dc) 1s 4 tunction
of frequency, path geometry (to 1ncluae b, and the climatavc
reglon. Therefore, care must be eXercised when evaluating
Eq (40) lest the erffect or these relatiovonsnips be distorted.

Consider first the scattering ctleclenc:s correction,
Fo. Rice, et al. (Ret 9: 9.5) state that Fo allows for tne
reductilion of scatterlng efflclency at great heignts in the
atmosphnere, Over a typtical short range path, th: cattering
takes place at relatively 1low altitudes, and one would
expect that FO would have little 1nt luence. he small
magnituude of FO will be confiirmed shortly,; for the purpose

ol the present discussion, 1t 1s assumed to be neglizible.

For the remalnlng terms, consider welgnt cases  which
represent the wvarlous comblnatlons ol mlnima and waNliadg ol
the 1ndependent variables 1, d, and Hﬁ. A5 betore, L
trequency range  of this equipment 1s 4.4 - 5,0 GHz and tne
path length 1s assumed to lie between 60 and 160 kmn. In
addition, the range ol possible values ol HS 15 dssuned to

be tetween 290 and 390 (Ref 9: 4.3). For ecach case, s

evaluated using  Data Sheet B-3, 1tems [-24, ot Rer . The

effective distance, d , 18 then calculated using PLoms l -,
v

19, 28, and 47-49 o1 thts sane Jdat.a Sheot . W1lla Ui




resulting values or de’ the range ot possible wvalues of
V(dc) 1s read trom Firgure AlS for each of the eight cases.
Figure Al shows the evaluation of € and de for the case
where = 4,4 GHz, d = 60 Km, and Ns = 290. The remalning
seven cases are shown in Figures A2 through A3.
All the information necessary to evaluate the minimum
and maxlmum values of LS 15 now at hand. For vase ot

presentation, defilne

Ls = 10 log IHHZ 10 log dkm + 30 log ® + .33 od
- .1 (Ns - 301) exp (-8d/40) + 103.4 (50)
so that
L =1L 7" - V(d ) (51)
S S e

The results of evaluating Eq (40) for each of the eight
cases are summarized in Table III. The value of LS for
these eil1ght paths 1s seen to range between 38 and 74 db.
Furthermore, the minimum value of L5 corresponds to minlmum
Irequency, minimum path length, maximum refractivity, and a
desert climatic reglon. LS is maximum tor @maxlmum
trequency, maximum path lengih, minimum refractivity, and an
ovverwater path 1n a temperate climate.

The ground reflection loss, Lh’ is similarly calculated
usinyg Data Sheet B-3 (items 29-44), with the resulits for the
same eloht path cases conslidered above appearing in Filuunres

Al tarounh AB. Graphs of the required 1ntermediate

. B are uslve 1 Firgures | throuwsh
tunctions, 0 o, and ”0 slven 1n bixur V1O !

e —————

e
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AL3. Thus, wilitiiin the constralnts Ol tihe patis chosen,
., 1s seen to range between 0 and 1.2 db.

The loss from atmospneric absorption, Ld, 15 only
considered 1n two of the c¢lassical models: those ol Lhe WBS
and AFCSP 100-61. In both models, the value of absorption
loss is taken from the graph appearing in Filgure Al4, and
that method 1s used here. Note, however, that thtis LLdpi
displays data from a specific location and month ol the
year. It 1s not readily clear how representative this data
1s of other locations and seasons. In any event, using
Figure Al4, 1t 1s seen that for a path wvarving between 60
and 160 km, with an operating frequency between 4.4 and 5.0
Gz, LS 1s expected to lie within the range rromn
appreximately .4 to 1.2 db.

The equipment loss 1s addressed only by the Collins
amethod, and 1s gilven by the technical order (Ref [2: Table
9-7) as 1 db for a TRC-974& system uslng parabollc antennas.

Simplifying Assumptions 1n the Path lodel

Several conclusions c¢can be drawn from Filgure 2. It was
previously determined (Section III) that the transmitted
power, free space antunna ;alns, and equlpment loss would be
considered to be constant for g given path,. Amonyg the loss
terms, there appear to be two distinct ATOuUpSs based on
ma.,nttude. The aperture-mediun couplinyg loss, sround
retlectilion loss, aopsorption loss, and equilpment loss v h

have maximum values less than 2.5 ab. By ocontrast, the [rev
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SDac e Snd svatteritay loss oare cdoh at ledast o uan orger ot

manynitude larger than tne other loss Lorms. Also, the  wean

values ot L, tt) and Ls(L} glsplay  cunsigerably wmore
LD R - B

variability than do toe means ot L (ry, L (o, Lolu, or
-~

-

LJ(?). To draw rirm conclusions about the relative

significance of all otf the luss terms, one would necd to

lave more knowledge ol tae statistics ol the random terms

1
( P . N T T al P i ‘
(only mean values are considered 1w Fijure 2). (t has been R
shown, however, that the randomness 1n the loss terms stems
. . ) ‘ . '
from the same source: the random scattering Dprocess, 1n

vther words, all ot the loss turms, vicept Le, are tunctions

of the scatterinyg process, 3Cu ). Further, 1t has been

stated that L, 1s by definition that term wileh altempls Lo
account for the losses uniquely dssoclatoed wlth L

scattering mechanism. It L, does in  ract represent the

primary loss due to S$(t), one  would expect that 1n the

remalnling terms, the inf luence ot S(t) would be less

1

pronounced. Thus, 1t would be appealing to discount the

randon 1nfluence on the terms L,(ft), I Lh(t), ana

LJ(C)’ thereby <considerably simplityin, the statistical

interdependence of the terms in Eg (22). To do so would

also be vonsistent with the approach most commoniy taken by

uther researchers.,

Thus, as a first approzination, the effcct of S on

Lo,(e), L. _(t), Lh(t), and L {t) arc¢  c¢onsidered  to He

st ~5T

negligtble and Eq (22) 1s rewritten as




Consider mnext the sensitivity of

Because of the scattering phenomenon, different

of the transmitted signal are returned to the

antenna via different scattering points within

volume, and thus travel different distances

transmitting and receiving statlons. Consider

zgeometry shown in Figure 3. Antenna elevation ang

practical TRC-97A system 1n the

fall beyond the range of -0.5 to +1.0 dey. The ¢

for elevation angles of -0.5 and +1.0 dey 1s

TAR and TBR of Figure 4. The 3-db beamwidth of

i

parabolic antenna used with the TRC-97A4 1is 2 deg.

majority of the receilved signal components arrive

which lies region between TCR and TDR,

angle DTC deg. For the case where

angles are +1.0 deg, the scatterin, angle 8 can

be approximately 3.1 deyg.[4] For the c¢ase where

angles equal =-0.5 deg ] 15  clearly less

55
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approaches 0 dey; 1n the limat, The vorst case dil

path leagth  ovecurs when 8 = 0, thereby making a

90 Jdey. In this case the ratio oL T to TD

Data Sheet B-5 with

et

Y 1= 1 hi) and suoo s
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costae ol tae angsle JTL, or
e
—_—— = Cus 3.3 duey L JYal
rp

or alternately

DT = 1.001Y% = CT

wilch 1s to say that tne maxinum drstdnce tie s1.,nal  must ¢
travel (DT) 1s greater than thae @lniLiufl distdnce 1t omust

'
travel (CT) by only .19 percent. Thus, sCo) causes

negligible wvarilation 1n the distance tae signal travers ang
the path length can be treated as 4  constant. Loty LS

P

therefore glven by the previously derived exXxpression:

L. =20 log

I
<
—
<
o

+
t

s
(o9
-

Lz

The result 1s tuoac &£ (532) can aow be [urther simpii:ziled o

P (t£) ~ P = ( + G - 1L + L
r t vy rt t r
+ L + L () + L ~ L + L b
s -3 4 i ?

witere L (t) 1s tne only random qguaniity dpon o winlon 2ot
depends.
stattistics ot tihe Path lloael

Previous experimental work nas lead to tUhe ot luston
that ror short time tntervals the recerved si.onel vooto

over a troposcatter path can be cnaracterized uas Cala s lan

Process, witlle tuv o envelope ol the received siondl o reo Ua
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with a, x, v > 0

and

Since P_(t), Er(t7 and k

Egs  (54), (56), and (53

where P and k are 1in
Zqs  (353), (36), and (58

of the recelved power as

F(P_;t)

~

where ?r aand k" are 1n

Yhile the recelved

other random quantlty
not ., “qg (231, ia wihich
and the -ain oand loss te

r
~—
il

can only assume n

7) ¢an be combined

ceived power as

—
jav)

— uXp |-

watts., Similarly

) glves the first

~

=1 - exp |-

watts,
power 1s directly

in i£q (53), tne s

o~
o
-1
~

it

onnegatlve values,

=1

to 21vVe the I1lrst

n
el
~—

the combinatlon ol

order distribution

(60)

observable, the

cattering loss, 1s

the power terms are expressed 1n dom

rms 1n db can also

36

be written as




where

terms

Pr(t) = (61,

- Lo, L, Lyg Lo(t) Ly L, L,

the power terms are in watts and the galn and loss

are ratios. For a given path, each of the

deterministic quantities on the right side of Eq (61) i3

assumed to be a constant, making It possible to write

Eq (b61l) as

where

It can be shown (Ref 6: 128) that if

then

o]
L,(t) = (62)
gr(c)
P G, G_.
t t t
b = S (63)
L . L L. L

Y = g(X)

it
oS
~
E

£,() = (lal/y®) £, (aly)

Combining this last result with Eqs (39) and (62) gives the

rirst-

Since

order density of the scattering loss as

L) = X exp |-

[ e}

all the terms on the right side of Eq (63) are

nonneygative, b 1s also nonnegatilive. Theretore

57
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1
b b
} f(Ls;t) = ——— exp |- (64)
o PR - 9 .-
' 2k Ly 2k "L
2 . . .
wihere b and ko~ are in watts and Ls 1s a ratio. The
first-order distribution of the scattering loss 1s tound by
, integrating the density:
s
b b
F(Ls;t) = — exp |- — dL
, 2k . L, 2k L,
b
= exp |- - (65)
2k *L
9 . . .
where b and k *° are 1in watts and LS 15 a ratio.




VII. THE MODIFIED SCATTERING LOSS MODEL

Recall from the Introduction the proposed approach ol
modifying the empirical adjustments 1n the existing path
models to obtaln better correlation with observed
performance for the short range tactical troposcatter path.
Given that the assumptions in the unalysis to thls point are
valid, Eq (53) shows the scattering loss tuo be the unly
random independent varilable 1in the path model. Further, Egs
(64) and (65) give the first-order density and distribution
of the scattering loss. The preceeding analysis has also
shown that of all the factors 1in the general path model, the
scattering loss has the greatest potential for causing large
variations in the received power for a given path. As a
first approximation then, assume that the deterministic
quantities in Eq (53) are correctly accounted for in the
present path models, and that any variation between
predicted and observed path loss results from the scattering
loss alone.

Recalling that the present predictions use the AFCSP
100-61 and Collins models, which are both based on the NBS

model, consider then the wmodel

E’r(t) =P, *G o+ G . - .07 exp f.055 (G, + GH»]
- 20 log {HHZ 20 log dk“ - 32,4
- L ~ L - L - L (v (6HhH
I} a 0 s

This ts the seneral model of Fq (33) with the deterministic

o

e



— -

quantilties assumed to be as given by the AFCSP 100-61 and

Collins models. This model can also be expressed as

P (t) =b” - L (t) (67)
~r 28
where
© - . _ - . - . .
b Pt C.; * Grf .07 exp [.055 (btf + brf)]

—_ Y v 4 - i y - 4

20 log Lz 20 log dkm 32.4
- L - L - L (68)

h a e

Given the operating frequency, antenna gains, and suffifient
information about the path geometry, b” <can be readily
computed using the combined procedures in AFCSP 100-6! and
T.0. 31IR5-2TRCY7-12.

Consider next the treatment of the scattering loss in
the presently used models. Eq (49) gives the scattering

loss used 1n the AFCSP 100-61 model as

L5 = 10 loy fGllz - 10 loy d: + 30 log ® + .33 ad

- .1 (NS - 301) exp (= 84.40) + 133.4 - v(d ) (49)
e

It

This 1s 1dentilcal to the NBS expression tor LS siven  that
the term F\) 15 negligible for this tvpe of path (as shown in
Section  VI). The problem  now 15 one of deriving an
dalternate expression for the scattering loss which 1Is norwe
accurate for a typical TRC-9Y7A path. The most obvious wav
to do this 1s to assume that the form of IEq (49) 1s correct

and that a ditfferent choice ot coeftictients would better

match the model to the TRC-97A path, Note  that

H{)
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L, represents the expected value o1 L. () Wihilon  will D

denoted by L (). Consider then the evxpression

I:\(t) = a log Lo, = ap log dyp v ay dow 8 + u  wd

- ag (Nj - 301) exp (-ed/a()) +ap; - VG4 (64

which expresses the scattering loss in the same torm as that
derived by the NBS, but with most Ol the CovlIlolents
undetermined. As polnted out previously, the  analvytay
expression for V(d,) (Eq (42)) 1s ratner complex and buscd
on data collected 1nn a large number of locations tarovu. hout
the world. Attempting to modily V(uc) at this pornt wounla
complicate Eq (69) to the extent that anv further andivsis
would be extremely difficult. Also, moditving V(d ) to more
accurately represent the TRC-97A path would require 4 lar e
data base of TRC-97A performance 1n all climatic regions ot
lnterest; such a data base 1s not presently available.
Assume then that V(dc), as expressced by Eq (42), Is corrcect.

Statement of the Regression Problem

A very specific analvtic problem  can now  be  stated.
Solution ot thhrs problem should produce & scattering ioss
model which better represents a tyvpircal TRC-9%7A4  sath. The
problem 15 as tollows:
Glven sutftficient 1ntormation about the  ecguipment and o
path seometry tor g number ot TRO-97A troposcatter paths,

vilue ot b can o He o compubted Jor o eaon patih using Bgo o Unsd




Glven experimental observations of received power over
these paths, and a  value of b’ for each path, a value o1t
L corresponding to each observed value of P can bu
obtained using Eq (67). Thus a data base of scattering louss
values over a number of TRC-97A paths 1s constructed.

Given this scattering loss data, an expression of V(de)
(£q (42)), and the probability distribution of Es(t> Z2iven
by Eq (©5), a nonlinear multlvarliagte reyression analysis of
Eq (69) can be performed to evaluate the coefficients
{al) dz,"',&7).

The resulting expression for L. (t) should more
accurately retlect the scattering loss for a TRC-97A path
and can be used with the AFCSP 100-01 model tor future
transmission loss predictions.

Evaluation of Available AN/TRC-97A Path Data.

Data on the actual performance over TRC-9Y7A paths has

been collected from a number o0f Air Force units which use

thhls equlpment. The data Ls that which 1s routinely
recorded by  these units and does not reflect any datu
collected specirfically for this research. Although t he

content of the data varies, tyvpically included are recorded
values of received power and intormatlion on the pgeometry  of

the path. The paths represented are from trainin:. cexuvrclses

over the past several years 1n ditterent locations within
the continental United States. Duration ot each eXcreaise §x
not very long, ranging trom two days tu approxamately two




weeks, Table IV 1identifies those paths [or which some data
1s available and which fall within the scope of this study.

Because of the relatively small amount of available
data, and particularly the short duration of the paths, it
1s desirable to evaluate the usefulness of the data. It the
data 1s too limited to accurately represent a wide range of
TRU-97A paths, then any analysis based on this data 1s
meaningless.

It has been shown that a possible characterization of
the recelved power over a troposcatter path is given by the
density and distribution functions of Eqs (59) and (60).
These 1n turn are the basis for the density and distribution
of Es(t) which are given by Egqs (64) and (65) and are
central to the regression analysis just described. It 1s
reasonable then to require the received power data which 1is
used in the regression analysis to at least approximate the
density and distribution iu Egs (59) and (60). Next onc
would expect to see some dependence of the mean scattering

loss upon the parameters of the regression equation (i.e.,

£, d, 8, and NS). Were this not the case, no prediction of
L (t) based on these parameters would be possible. Vhile
the scattering loss 15 not directly observable, It 1s
directly related to the distribution parameter -
: 2 _
theretore, k-“ must also be dependent upon f, d, 8, and N
1 2 . - .
Furthermore, K¢ can be rcadily determined from obscrvation

of the receilved power.

'}
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Consilder tirst the receilved power distribution for t
observed TRC-97A paths. The Jdistributlon functilon 1s chos
because 1t simplifies the subsequent curve [{ittlng. T

power Jdensity and

are both single parameter functions,

KT, (Recall that Kk
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S,

Figure 5. Next the power distribution curve of Figure &4 1is
transfered to a plece of transparent acetate. The curve 1s
then superimposed on the measured distrubution plot 1In such
a way as to gilve the best fit with the data. The value of
kﬁz for each plot 1s also recorded for later use. Note that
k:“ 1s the wvalue of P, which corresponds to approxiately

F(P_5t) = 0.4 . Three superimposed power distribution

r>

curves and the resulting values or k- are 1llustrated 1in
Figure 5. The results of applying this procedure to each
path are summarized in Table IV where a value of ke ® is
ziven to each distinct radio path. Note that in
troposcatter propagation the path does not necessarily
behave the same way in both directions, and the received
power at one end of a link 1is not generally the same as the
recelved power at the other end. Also, each TRC-97A has two
receivers for diversity reception. Therefore, 1t 1s
possible to associate up to four different sets of data with
each radio link. Fewer sets of reported data indicate
elther incomplete observations or averaging of observations,

Several conclusions can be drawn from this manual curve
titting. First, the general shape of the distribution
curves 1s enough like that of the assumed power distribution
to support the existence of some correlation between the
two. However, the correlatlion Ls obviously less than
pertect, and more sophisticated statistical techniques woula
be reqired to quantifv the degree of correlation. I'n many

cases, the observed power distribution has a more sentilue

73




slope than does the curve of Figure 4. The curves of Figure

5 are typical examples chosen from the paths in Table Iv.
They 1llustrate the range trom good to poor correlarion with
the power distribution Lfunction of Eq (60).

Consider next the relationship between the received
power distribution and the ©parameters of the proposed
regression equation (Eg (69)). One would expect the
received power, and therefore kﬁz, to vary with some or all
of the variables £, d, 8, and N_. For the most part, the
available path data does not reflect speclfic operating
frequencles and refractivity data is provided for only a few
paths. Also information about the path geometry 1s
ywenerally not provided 1in sufficient detail to allow
calculation of the scattering angle, The path length 1s

available for each path, however, and k- 1s plotted as a

function of path length for each of the paths 1n Table IV.

The results are shown 1In Figure 6. It is now necessary Lo
determine whether Figure 6 represents a reasounable
: L . 2 - .- :
relationship between k '~ and d. For this purposece, consider
the relationship between L, and d siven by Eq (49). The
path length appears 1in three terms of thils expression, For

tvpical values of 8 and d {(see Appendix A), the tactor

exp (~8d/40) remains very <close to unity. Table 111
tliustrates the range of values of the quantities
(=10 low d) and .33 8d tor the paths in Appendix AL
Clear ey, (=10 lov d) ts the dominant term, 1ndicating that

L. Cand tierotare K<) would decrovase at a rat N
D
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3 db/octave. This slope would obviously change ftor 4
different <choice of the coefficient of the (log d) term (a2
of Eq (69)). Such a regression line may well be contained
within the data of Figure 6. Again, however, more
sophlsticated statistical methods are required to quantifty
the relationship between Kol and d.

In summary, the path data presently available 1s not
adequate to support further analysis. The correlation
between observed data and the expected power distribution
tunction (Eq (60)) cannot be conclusively stated. Further,
sutficient intformation about f, 6, and Ns 1s not avallable
to complete the regression analysis of Eq (69). The two
obviius sources ot this lack of correlation are the expected
power distribution fumction and the data 1tself. The
developwment of the power distribution assumes an underlying
Raylergh distribution for the envelope of the receilved
signal voltage. Any deviation from 3 Rayleish envelope
would be rerlected in the resulting power distribution.

Repardiny, the data, some shorttfall 1n the degree to which 1t

represents the path would not be surprising. Measurement ot
recelved power Levels 1o the tield by operational units 15
usually undertaken to  provide g general measure of svsten
pertormance  and  not to support researsh detivitles.,
Heasurements  dre taken antrequently, twpreally twice dariyv,
and the duration o1l a particuniar radio link seldonm exoecds o
toew weeks. Alowo, varitations 111 measurement techniqgue st
A5 dVeTraciins bhetween e e ivers at tie sane terminal, R
s

C e A al v bt
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daveraglng between terminals would be expected to affect the
results.

Two other possible <causes for lack of correlation
between Eq (60) and the data are anomalous propagation and
mixed muode propagation. The path models developed here do
not attempt to account for elther of these phenomena.
Anomalous propagation modes, such as ducting, are not
uncommon and were almost certainly a factor 1n some ol thesc
paths. Also, propagation via obstacle galn dirffraction may
occur siultaneously with the troposcatter propagation mode.
The diffraction mode requires a favorable path geometry, but
1s not uncomon over relatively short transhorizon paths.

One further shortcoming of the avairlable data  has
surfaced during this analysis. Earlier in this section 1t
was explained that Es(t) 1s mnot directly observable, but
could be derived from observations ot ?r(L) by evaluating
the remaining terms in the path model {(see Eq (67), (68)).
tiowever the path data made avatrlable for this research Jdoes
not contain enough detarl about the path  gseometry and

equipment configuration to evaluate b7
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VIII. CONCLUSIONS
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very speciflc area of study which shows
ng path loss predictions. First, a
was developed Dbased on the pinysical
the troposcatter path. The general path
red to the AK/TRC=-97A by a successlon of
xlsting <classical models dand observed
Significant in this development has
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or 1ts source. The path data made available for this study
was collected during tactical training exerclses for the
purpose of field wevaluation of radio system performance.
The data 1s inherently sparce and not intended to suppport a
research effort. It 1is possible that data suitable for the
completion of this study can be made available only through

specific data collectiun etffort.
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IX. RECOUMENDATIONS
The primary recommendatlon resulting rrom this research
is that suitable path data be collected to verify the powver
distribution and complete the proposed regression analysis.

The data provided for the current research was collected by

tactlceal units on normal tralining exercises. Such data has
the advantage of belny representative oI a variety of
climatic regtions and path profiles. However these tactical

systems are seldom established for more than a few weeks uat
a time and the path data normally c¢ollected 1s 1nherently
sparce. An  alternate source of path data would be an
organlzation which operates similar equipment 1n a research
and development environment, such as the Alr  Force’s
“lectronic Systems Division.

In order to complete the proposed regression  analyvsis,

data 1s required on both the recelved si.nal and the patn

—

Jeometry. Continuous recordlng ol received slanal cvel
would be considerably wmore represcutalive ol tne path than

discrete measurements. Path geometryvy 1ntormatlon mus, be 1n

sulticient detatl to permit calculation of the parameters oi

the resression equation (1, d, 8 (S, and V0(a Y) as well d
the other loss components Lo on, o, &, otol T Da:sa
sheot B=3 (AFCSP 100-61, Vol IT1) woer e completed Tor NG
patin, the required geometry 1ntormation would e avaisabi-.

Several other recommendations for taurther anvestocation

fony LR N T

are s Dllreed, Fivrst, DT ent Sl

oy
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retracolvity rrom a chart of minimum woathly mean values.
Incorporacion of refractivity data wmore specifilc Lo a ziven
path should produce more accurate path predictions. Second,
current methods are based on values of surface refractivity,
from which the refractivity within the scattering volume 1is
extrapolated by a simple formula. - The accuracy of this
extrapolation at low altitudes (tvypical of the scattering
volume for a short troposcatter path) may warrant further
study. Also, 1t wav be worthwhile to treat the refractivity
as a quantity which varies throughout the scattering volume

rather than considering only 1ts value at the center of the

scattering volume.
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Appendix A

AFCSP 100-61 Path Loss Predictions for

This appendix contains the calculation of selected path
parameters for eight hypothetical troposcatter paths. The i
eight paths are intended to represent the range of typical
values expected from an AN/TRC-97A radio system under
certain simplifying comnstraints. The paths consider the
elght possible combinations of maximum and minimum operating
frequency (4.4 -~ 5.0 Ghz), maxinum and minimum path length
(60 - 160 km), and maximum and minimum surface refractivity
(290 - 390). In all cases, the O0A-7160A/TRC-97A parabolic
antenna 1is assumed (8-foot diameter, 15-foot height to
center). Rather than attempt to account for an 1infinite
number of terrain configurations, smooth earth 1s assumed.

The procedures used are from AFCSP 100-61, Vol II.
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8.5 TROPOSCATTER PATH CALCULATIONS

MTE w0, V(T

oatg

MTE mo. 2 iR Liu N0,
e PERFORMANCE FACTOR vaLuE Ty ALuARKS
| Terminal Elevatiod 'Above Sea Lavel,
3 | Tx. - 0 km From Path Profile
2 i Termina! Elevation Above Sea Level, ¢] . From Path Profile
| RX., hyg
Antenna Elevation Above Ses Laval,
3 TX, hyg .005 ke From Path Proflls
Antenna Elevetion Above Sea Leavel, !
o !
| RX, ey | L0085 km From Path Profile
| Redio Horizon Elevation Above See
L L Level. TX, by (€] km From Path Profile
{ Rscio Horizon Elcvetron Above Ses )
[ l Level RX. hi ( m Feum Puth Profile
7 [ Dentence to Radio Horizon, TX, dp 4 8 - ke From Path Prefile
o
] Distence 10 Radio Honzon, RX, dus 8.7 L From Path Prolile
] Poth Launglh, ¢ 60 km From Path Proflle
! d;
10 :v]ru.e Elevstion of Redio Horusoma, 1 0 = (ltem S ¢ Item 6)/2
s
11 | Averrge Elevstion of Terrunals, hg2 0 oo (ltem 1 + hem 2)/2
12 !:v"lp Eievatios of Reirsctng Suriace, o = Mani (tem 10, Ttom 11)
.
1) | Mean Relfracuvity, No See Figare 4.1
14 | Refracuivity ot Refracting Surfece, Ny 290 (Ttem 13) exp (=0.1047 2 lten 12)
18 ‘ F.lles-tive Enrih’a Rudiun, o 8320 km See Figure 4.2
" ;Mrnn r.n.-...n.-.._Tx Termmul to TX 0 . Feom Path Prefils
Redio Hurizon, LY%
" Mean Elevnnm.’lx Terminel 10 RX 0 = From F
Radie Henzon, by
H Witem 16> ltem 1. Jem 3 = Jtea }
13 ‘ Efiective Antenna Height. TX, byg .005 km I ltem 16 < Jrem 1. ) em 3 = lte= 16
1 ltem 17 5> ltem 2. ltem 4 = Jteny 2
19 . Effective Antenna Height. RX, hey .005 km If Tem 1= < Item 2. item 4 — Tem 17
20 | Anteans Elevstuon Angle, TX. Vet ~.001098 »d ftem $ — Ttem 3 _ ltem 7
° - ltem 7 2 x ltem 18
21 | Anteass Elevstion Angle. RX, fer -.001098 red JlEM S — ltem 4 ltem 8
ltem & 2 x ltem 15
+.002508 Item & wp o itEM 3 —ltes 4
n ind red T3 tem 1 Mem 20 ltez 9
23 «.,002508 item © "y L Ntem 3 = tiem 3
ﬂ. red 2z ttem 15 ftem e lie= 3
24 ; Scetier Angle, O, +.005016 red Tem 22 ¢ Jrem 23
25 | Path Assymmetry Parscwster. s 1 Item 22/Twm 23
2 .2} - (7 lem 24 2 liem 9
AFCS 38™ve 709 maviseo APT PAGE WO. +AGE 1 OF 5 PAGES
Figure Al. Case 1 Troposcatter Path Calculation

(Sheet 1 of 2)
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Region 0, ¥a(72.9,d0)

er PERFORMANCE PACTOR vaLue unITs aguanxs
64 10. See Figure 5-3
*37 | Attenustion Function, F(04) - dB |64 > 10, See Figures 31 thww -5
He>1 uselss
28 } Opersting Frequency, 4.4 GHz Lank Specificetions
.29 11} 8.69 6.3008 8 Jiem ¢ 5 (tem 28 5 jtem 18
-39 L] 8.60 6,308 2 ltem S u fieln 30 8 hem 1O
3 e km (Item 25} = (ltem 9XItem 24)
NOTE: U rj and r2 > 15, set Ho = © .07524 (1 + stem 25)7
32 Normalized Height of Horizon Rey .0356 See Figure -6
Crossover, ng
> . Item 30
33 INOTE: I ny 2 1, Nse ltems 34 = 37 - a"m
Otherwise go to Step 38 .
See Figure 5-7
3 Helr1) - 48 l Ifag >S5, use §
Sce Figure 5-7
3s Kole2) —_ aB l e
36 .t dB | Se¢ Figure 3-8
Fi Gawn F Heo
? —_ dB | 172 = (Jtem 34 + Item 35) + Ite:
3 NOTE: U ng < 1, use Items 38 ~ 43 x (tem Ttem 35) = 36
3 Holry) 1.40 dB | See Figure 5-7. Usvrag =1
29 Hetr2) 1.40 dB | Sec Figure 5-7. Use ng =}
40 ARy (8] dB | See Figure 3-8 Useng =t
41 |Frequeacy Gain Function, Ho. as = | 1.40 4B | 1/2 x (Ttem 38 < fter: 39) + ltem 40
42 |F Gaun F Ho.mg =0 1.20 48 | See Figure $~9 U.enga =0
F Geun Function, Hy 1.21 dB | ltem 42 ¢ ltem 32 (1:+m 41 «~ ltewm 42)
44 | Frequency Gain Function, He 1.21 dB | Liem 37 or Nem 43
4 A heric Abe i Ag [ dB | See Figure 4-7
Py Basic Transmission Loss for s Scatter a8 30 log (ltem 2B) = 0 log (item ) ¢ liem 37
Path, Lpgy -= < Jtem 44 ¢ Jtem 45 « 90
@ dat 18.4] kn | 65(0.1/1tem 280)1/3
] %@ 18.453 wm | vesd TR (Tea T
tf lem 9 < ltem 47 » ltem 48,
e 130 z ftem 9/(ltem 47 + Jiem 48)
49 |Eftective Dis i 153 ke 1 fiem 9O Ttem 47 ¢ ltem 48,
130 ¢+ ltem 9 — ltem 47 ~ ltem 43
Long Terns Facding Peremeter for Climatic
0 - -
" | Region &, Va(%0.dp} - 4B | See Figure -3
51 Long Term Tad:ig Perameter for Climetsc - aB See Fugures 4- 9 through 4 - 28
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[ TA NN LIY 8] NTE O, V(Tay OATE
8.5 TROPOSCATTER PATH CALCULATIONS KistweTiho T TR TR
(34 £
0. ‘ PERFORMANCE FACTOR VALUE UNITS ACMARKS
N Terminal Elevatsod ‘Above Sea Lavel, 0 - Froo Path Profile
TX, hyg
2 i Terminal Elevation Above Sea Level, i s From Psth Profile
| RX. hyo 0
3 | Antenaa Elevalion Above Ses Lavel, 005 - From Peth Proflle
TX. by
. l Anteans Elevetion Above Ses Level, OO; . From Peth Prefile
RX, hey ° N
| Radio Horizon Elevauion Above Ses
| Lever, TX. by, 0 ka | From Path Profile
6 Redic Horizon Eleveiion Abovy Ses 0 km From Peth Profile
Level RX, by,
7 Dintance to Redio Hornizon, TX, dy 9.9 ke From Path Prefile
Distance to Redio Horizon, RX, dis 9.9 km From Path Prefile
] Path Length, d 60 ko From Path Prellle
10 :v:u ge Elevation of Radio Harizons, 0 - (tem § + lem 6)/2
s
11 | Averrge Eievetion of Terminals, hg2 0 = (ltes 1 + liem 2)/2
12 :nnze Elevation of Retractng Surface, 0 > Minimum (ltem 10, Jtom 11)
s
13 Mean Relfrsctivity, No il See Figure 4.1
14 | Refractivity ot Relracting Surface, Ny 390 (Gtem 13) exp (=0.10+7 x ltem 12)
18 | Flfective Earth’s Rudius, [ See Figume 4.2
relive Eol L] s, 8 10,820 () . g
in | Meun l".lu-vnlluu._'l'l Ferminel 160 TX 0 km From Path Preflle
| Rediv llurizon, hy
17 Mean Elcvouln..lx Terminel to RX 0 k= From Path Pref
Redie Honzon, &,
Wiem 16> Ntem L. [ em J = ltea |
18 | Eflective Antenne Height., TX, by . 005 km I tem 16 < Jtem 1: 1 em } — lte= 16
10 1tem 17 > ltem 2, Mem 4 = Jte 2
19 | Effective Antenne Height, RX, by .005 ke 1 ltem 17 < Item 2. ster 4 = Ite= 17
20 | Anteans Elsvation Angle, TX, Fe —.000963 red ftem S = ltem3  ltem 7
¥ ~ Iteer 7 2z ltem 18
21 | Antenns Elevation Asgle, RX, ¢, —.,000963 o (llem6 -~ ltemd4  lLiem
item & 2 x ltem 15
+,00181l0 ltem & - ltem 3 — Ites @
22 [ rmd SThes s ftem 20 + s o
L +.001810 ¢ |teme | lter 4 = liee 3
B. o 2w ltem 18 ° Mem 31 e Te= 5
24 | Scatter Angle, Oy +.0036109 red ftem 22 ¢ ltem 23
25 | Path Assymmetry Poremeter. 8 1 fteer 22/Ttem 23
26 .1 - 73 lem 24 2 ltem 9
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Ay PEAVORNANCE FACTOR vatug s REuARKS
6d < 10, See Figure $-3 i
*27 | Alienustion Fuaction, F(0&) _ dB  |8d> 10, See Figures 33 thwu 88 i
s>, usel/s
28 | Opersting Frequeacy, 4.4 GHz | Link Specifications
.23 L4 8.69 4.5008 5 bhtom 9 Jiom 38 8 jtem 18
30 n 8'69 $.3200 3 hiowm & g Jivka 20 5 Hiom 19
FY) be re (tem 253 = (Item 9)1tem 24)
NOTE: If rj snd r2 » 1S, set Ho = G 05428 U1« dtem 257
Normslized Heaght of Honnzon Ray .
32 Croasover, ny .0304 See Figuse 5-6 .
3 [NOTE: a2 1, Mac tiems 34 = 37 st X___
i - - liem 29) x (At
Otherwise go to Step 38 (e 2 )-. (ltem 25)
See Figure 5-7
M Relr1) —_ B a5 mees
Sce Figure 5-7
as Kolr2) _— 4B Un,>S, uee §
36 AH, —_ éB | See Figae 3-8
F Gan F i He
k 34 ¢+ 1t +
37 NOTE: If g < 1, use Items 38 = 43 —_— a8 172 = (Item ftem 35) + ltem 36
3 Holry) 1.40 a8 See Figure 5-7. Useng =
a9 He(r2} 1.40 dB | Sec Figure 5-7. Useng = !
© An, a0 dB | See Figure $-8  Useng =1 |
4 |F Gein Function, Ho. g = | 1.40 4B | 172 x {ltem 38 ¢ Jter) 39) ¢ ltem 40
42 |Frequency Gawn Function, He, ag = 0 1.20 dB | See Figure $«9 U.eng =0
43 | Frequency Gsin Function, Hy 1.21 4B Licm 42 « ltem 32 (Qiom 41 = ltom 42)
44 |Frequency Gain Punction, He 1 21 4aB Lem 37 or Ntem 43
4% | Atmespheric Absorption, Ay - dB | See Figure 6.7
& Basic Transmission Lose for & Scetter 4B 30 log (ltem 28) — .0 log (ltem 9) + Liem 27
Path, Lpgy == 4 ltem 44 © Item 45 + 9C
L4 4 km | 65(0.1/1em 28)1/3
_18.4]
. @ TRV PRV, | |
18.43
If ltem 9 < Jtem 47 + ltem 48;
teace, 153 130 x Jtem 9/(liem 47 + jrem 48)
49 |Eflective Dis - 4 e iem 9> Fem 47 o fem 48
130 ¢ Jtem § ~ ltem 47 ~ llem 48
Long Term Fading Parsmeter {or Climatic
€0 -
Region a, Va(%0.de) - 48 See Figure 4-38
Long Term Tod:ng Parameter for Climatsc
! $1 Regam ®. Yn(99.9.dg) —_— 4B See Figuers 4- § through ¢- 23
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Gata smgk s YL N0, (T cave
B.5 TROPOSCATTER PATH CALCULATIONS LGvess iAo YT
1T
o l PLAPORMANCE FACTOR vALUE uNITS AEMARXS
1 | Terminal Eievatsod ‘Above Sea Level, 0 xm From Poth Profile
TX. by
2 Termunsl Elevation Above Sea Level, X From Path Profile
| RX. hrg [¢]
| Antenas Elevation Above Ses Level, .005% ko From Path Profil
| TX. b
| Antenna Elevation Above Sea Level,
' RX, hys .005 [ From Psth Profile
Racio Horizon Elevation Above Ses = P Protil
5 | Level. TX. byy 0 From Path .
Radio Honzon Elcveiion Above Ses
[ Level RX. hp, 0 km From Path Profile
? Distence to Redio Horizon, TX, dpy 8.7 kn From Psth Prefile
1y Distance to Radio Honzon, RX, dis 8.7 km From Path Profile
] Path Laogth, 4 160 = From Path Proflle
Averyge Elevation of Redio Horizons,
10 +
ha1 O = (Item 5 + liem 6)/2
11 | Averrgy Elevetion of Terminals, he2 0 o (items 1 + ltem 2)/2
12 {Average Elevstion of Refracting Surfacs, X
he m Minimum (ltem 10, Itvm 11)
13 Mean Relractivity, Ny —_— See Figure 4.1
14 | Refractivity ot Relracting Surfece. N, 290 (ltem 13) exp (~0.1017 = lienm 1)
15 Fllestive Esrth'a Rediun, & 8320 km See Figure 4.2
1y | Mren Fieeution, TX Tormmul in TX 0 in | From Path Prefile
‘ Radio llurizon, ny
N R
17 Meen E euum..l!x Teminal to RX 0 - From Path
Redio Horizon, by
U ltem 16 > ltem 1: l em 3 = Item 1
18 | Effective Antanns Height, TX, by .005 km If ttem 16 < ltem 1. [ em } = [te= 16
I Item 17 > ltem 2, Jtem 4 = Jtenn 2
(! Al H t, RX, b, ke
19 | Effacuve Antenne Height, RX, by -005 ™ {1 hem 17 < ltem 2. item 4 = Jre= 17
20 | Anteana Elevstion Angle, TX, Vey —.001098 rad [ltem S - ltemd _ Mem 7
N ) Iter 7 2 x ltem 1§
21 | Antesna Elevation Asgle, RX, Oy ~.0010098 red lem 6 ~ ltem 4 _liem 8
Iters 8 2x ltem 15
4+ .Oogsi" d ltem & . 2 tem 3 ~ lte= 4
n G0 ' "~ T3 tew 15 0TS
23 +.008517 a ltem © Hem 4 = Jtem 3
B. b 7 % ltem 18 ° Jtem 2. lie= &
24 | Scerner Angle, O +.01703s red Item 22 ¢ Jtem 23
25 | Peth Ansymmerry Parerseter, » 1 ttem 22/11em 23
2¢ ] " ez 24 s liem §
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T PEAFORMANCE FACTOR vaLue s REuanxs
6d < 10, See Figure 5.3
*37 | Attenuation Functien, FO@) __ 4B |6d> 10, See Figures >3 thew 53
He>1, use 1/s
28 | Opersting Frequeacy, { 4.4 GHs Link Specificetions
c20 " 23 .16 6.3608 & ltem 9 2 ltem 18 5 ltew 38
38 L] N3, 16 6.35808 5 ltewm O u lish 20 3 lom 19
n be -— km (hem 253 x (Item 9)item 24)
NOTE: If r1 snd 2 ~ 15, set Ho = O (1 ltem 25)7
32 Normalized Height of Henzon Ray See Figure S-6
Crossover, ng -
33 |NOTE: 1es® 1 1 . —__ltem 30
NOTE: lfng 7 1, Nse ltems 34 = 37 —_— CQiem 29) x (item 25)
Otherwise go to Step 38 .
Ser Figure 5-7
34
Hetrn - %B | 1ny> 5, uae s
Sce Figure 5-7
3s dB
Hotr2) -_ Hng>S uses$
3 AH, _ ¢B | See Figure 5-8
3 F y Gan F Ho
d k I 34+ +
NOTE: U ng < 1, use Items 38 — 43 _ B 172 x (ltem Item 35) + ltem 36
3 Holry) —_ dB | See Figure $5-7. Usrng =1}
L Helr2) _ dB | Sex Figure S-7. Use ng =}
40 AK. -_— 4aB See Figure 5.8 Useny, =i
41 |Frequency Gan Funcuon, Ho, ag = 1 dB | 1/2 x (ltem 38 + Itec: 39) + ltem 40
42 | Frequeacy Gein Function, Ho, ap = 0 dB | See Figure 5-9% U.eng =0
43 | Frequency Gawn Function, H, 0 éB item 42 + liem 32 (1irm 41 = Itewm 42)
44 | Frequency Gain Function, He ~. a8 Liem 37 or hem 43
\
4% | Atmosphernic Absorption, Ag . dB See Figure 47
@ Basic Transmission Loss (or a Scettsr 4B J0 log {ltem 28) = 20 log (item 9) ¢ Liem 27
Path, Lyge — + Jtem 44 ¢+ Jtem 45 + 00
« dat 18.41 k= | 650.1/1tem 28)}/3
™ a«@ 18.43 2 | pousd\TeaT8 yTea T
i ken 9 < Jtem 47 ¢ Jtem 48,
253 130 x ltem 9/(ltem 47 + Jtem 48)
49 |Eftective Dis - 4o ke If iem 9> 1'em 47 + Ttem 48,
130 ¢ ltem 9 «~ ftem 47 « [tem 48
Long Term Fading Persmeter {or Climatic
%0 - -
Regien n, Va(50,de) ée See Figure 4- 8
Long Term Fading Parsmeter for Climete
31 Region 0. Y(99.9.de) - 4B See Figures 4. 9 through 4+ 2%
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DaTa sng& " HTE 0. V(T oave
8.5 TROPOSCATTER PATH CALCULATIONS bvewssTas TR
'::'I PLAFORMANCE PACTOR vaLuE umiTs NEmARKS
s i Termunsl Elevetiod 'Above Sea Level, 0 Kk From Peth Brofile
TX. ng
> 1 )
2 i Termunal Elevation Above Sea Level 0 xn From Peth Prefile
| RX. heg
3 Antens Elevation Above Sea Lavel, 005 - From Path
TX. Wy
t Antenns Elevation Above Sea Lavel,
4
| mx hes 005 = From Path Prefile
\ Redic Horizon Elevation Above Sea O P
H] | Level, TX, byy km From Path Prefile
| Redio Horizon Elevution Above Ses
6 ’ Level RX, hps 0 km From Path Profile
+—
? Distence 1o Recdio Horizon, TX, dp; 9.9 km From Path Proflle
[ Distance 1o Radio Honzon, RX, di. Q.9 o From Path Proflle
9 | Path Zength, 4 160 m | From Psth Profile
10 Average Elevation of Radio Honzons, = (ltem S + Jtom 62
het 0
11 | Aversge Ejevstion of Terminals, hg2 0 = (ltem 1 + lteen 2)/2
{ t .
12 :ven;e Elevation of Refracung Surface, 0 = Munimum (ltem 10, fiom 11)
S
13 | Mean Reirscuivity, No — See Figure 4.1
14 | Refractivity &t Refracting Surfsce, Ng 390 (l1em 13) exp (=0.307 x ltem 12)
1S | Fllective Earth'a Rodiun, » 10,820 kn Sor Figume 4.2
™ Mrun r.lc’-ulh-u._'l"l Terminul in TX 0 "~ From Path Prefile
Redio llvnzon, ,
17 Meen Elcv-uen..ltx Terminai to RX 0 - From Path F
Redio Honzon, b,
18 . . b . 5 IMltem 16 > Rem L. Jem 3 —lte
Effective Antenne Helght. TI. by 00 5% 1 btem 16 < Ttem 1. 1 em 3 — lre= 16
19 | Effective Antenns Height, RX, bey .00% km i hem 17 > Jtem 2 diem 4 —ltemn 2
T Item 17 < Item 2, j1em 4 = lte= 17
20 | Anteans Elevation Angle, TX. ¥¢t -.000963 md ltem § — ttem 3~ lUem 7
ltem 7 2 x ltem 1§
ltem 6 = ltem 4 ltem B
21 | Ant Elevation Angle, RX, &, rad -
ghan ¢ hid —-.000963 ltem & 2 2 ltem 13
. tem & tem 3 - lte= 4
1 Y +.006431 =d ST e TS lu.-m.'.‘t)‘——————l"=9
23 ltem © Tterr 4 = liers )
ﬂ. +’006431 e 2% ltem )S'"mn * fte= ¥
24 | Scetier Angle, Oy +.012861 red Ttem 22 ¢ ltem 23
28 | Poth Assymmetey Pararseter. s 1 Ttem 22/T1em 23
26 6a - kn  lee 24 x Ttem 9
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ITetw
»O0.

PERFORVANCE FACTON vaLut ymiTs REMARKS
6d L 10. See Figure 53
*21 | Atenustion Punction, PO - 4B |6d> 10, See Figures 33 thrs 5
>3, use 1/s
28 | Operating Frequency, N L4 GHs Link Specificstions
.29 [} ks 16 $.35808 & ltem 93 Jtem 0 & liem 18
head n 23.106 03008 5 liom %1 fick 16 3 fiom 19
s e - | tem 253 3 (iem OItem 20)
NOTE: If rj end r2 > 15, set Ho = 0 Clov dtem 2517
32 Normalized Heaght of Honzon Ray Ser Figore 5-6
Crossover, ng -
» ) > * - Nem 30
NOTE: lfng 2 1, Tise ltems 34 = 37 —_— (“’_——'n 29) = (ltes 29)
Otherwise go to Step 38 .
See Fagure 5-7
k)
Holryy —_ 9B IIng>5 use S
Sce Faigure 5-7
3s dB
Helr2) -~ Wng>S, uses
36 an, — ¢B | See Figure 3-8
3 Frequency Gaiwn Functon, He ! "
4B ! Al 34 ¢+ It 35 + 1t
NOTE: 1i ng < 1. use Items 38 = 43 _— ‘2 = (ltem Item 35) + ltem 3
N Hotry) — dB Ses Figure $-7. Useng =)
e Hetr2) __ dB | Sex Figure $-7. Use ng = |
40 AR, _ 4B | See Figure 5-8 Useng =1
41 |Frequeacy Gain Function, Ho. ng = 1 - 4B | 172 x (ltem 38 + Iter) 39) + ltem 40
42 | Fregquency Gawn Function, Ko, ag = 0 4B See Figure 5-9 ULeamg =0
43 | Frequency Geiun Function, Hy _ - dB lem 42 « [iem 32 (1: 2w 41 ~ ltewm 42)
44 |Frequency Gain Function, He 0 dB Iiem 37 or Rem 43
4% | Atmosphenc Absorption, Ag - déB See Figure 4-7
“ Basic Transmission Loss (or & Scatier dB 10 Jog (ltem 28) — 20 log (lters 9) + Jiem 27
Peth, Lygy - < Jtem 34 + ltem 45 + 60
024 da1 8.4 = | 650.1/1tem 28)1/3
s o 18,43 | pead TR Ty T
I Jiem O S ltem 47 ¢ jtem 48,
130 x Item 9/(ltem 47 ¢ Jtem 48)
49 |Effective Distance, & 163 *® Ll em 9> Irem 47 ¢ Ttem 48,
130 » Item © ~ ltem 47 — jtem 48
. Long Term Fading Parameler (or Climatic l X .
o Regien n, Va(S0.de) - ¢8 See Figvre 4-8
lLun. Term Tading Perameter for Climeisc
s | Pegios m. ¥ n(99.9.da) - l 4B See Figures ¢- 9 through 4- 2%
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Oata amgl? NTE N0, V(T oavg
8.5: TROPOSCATTER PATH CALCULATIONS KncmoiiAw MITETH
'::" PERFORMANCE FACTOR vaLug uTs REMARKS
Termiunal Elevatiod ‘Above Ses Lavel, 0 - From Path Profile
TX. Mg
2 Terminsl Elevation Above Ses Level, 0 [ From Path Profile
RX. hrg
3 Antenas Elevation Above Ses Lavel, 005 . From Psth
TX. hes *
. Antenns Elevation Above Ses Level, cOS5 = From Path Profile
RX, hey *
| Rsdio Harizon Elevalion Above See 0 Path Profil
‘ Level, TX. br¢ km From Ps o
Redio Horizoo Elcvetion Above See
6 0 18
Level RX. his k™ Frum Path Profile
? Distance to Redio Horizon, TX, dy, 8.7 L From Peth Profile
] Distance to Radio Honzon, RX, dts 3.7 £ From Path Proflle
9 | Path Length, ¢ 60 = From Psth Prolle
10 :v:ugc Elevation of Radio Herizans, ) = (Itea S + ltam 6V2
[
13 | Aversge Elevetion of Termunals, he2 0 o (Itee 1 + Item 2)/2
12 :nnn Elevetioa of Relracung Surfsce, 0 o Min (ltem 10, Itvm 11)
h
13 | Mesa Refractiwity, Ng - See Figure 4-1
k)
14 | Refrectivity st Refracting Surfece, Ny 290 (tem 13) exp (=0.1047 x ltem 12)
18 | Flfective Eurin’a Rudius, o 3320 kn See Figure 4.2
w ! Meun l".h-uum._Tl Tuerminel (o TX 0 [ From Paih Prefile
| Redio 1lunzon, Wy
!
17 Mean E evnum,-ﬁx Terminel to RX 9 = From Peth Prefil
Radio Herrzom, hy N
If itera 16 > Item 1. 1 em 3 = ltesa 1
-
18 [ Effective Antenns Height. TX, byy .005 km If [tem 16 < [tem I; [ em 3} = lre= 16
1 tem 17 D ltem 2. ltem 4 = [teea 2
1 Eff t. RX. »
° setive Anteane Hewght, RX. bee -008 5l dtem 17 < ltem 2. tem 4 = lte= 17
20 | Aateans Elevetion Angle, TX. Fet —.001098 | me¢ [UemS-—Tem3 = item 7
Item ¥ 2 x ltem 15
21 | Aateune Elevauion Aagle, RX, fer —-. 001088 md Rem 6 —item4 =~ ltem 8
Iters 8 2 x ltem 15
-.002508 lem9 ltem 3 = ltem &
n € red 2z ltem 1§ ttem 20+ liez 9
-,002508 d Item S vy Jltem 4 o tiem 3
3 B. b Tx ltem 15~ fem 31 fte= 9
14 | Scaetter Angle, O, +.005016 rad Ttem 22 ¢+ hem 23
25 | Peth Assymmeiry Parecetor, a 1 New 22/Ttem 23
26 [ -~ v Ttem 24 ¢ ltem 9

AFCS SOV, 709 maviseo

KRET PAGE 0.

FAGK t OF 3 PAGES

Figure AS.

(Sheet

93

Case 5 Troposcatter
1 of 2)

Path Calculation

]
1
|

A%

ey




1ITEw

PERTOAMANCE FACTON

ry VALUE [YLIMg ] REMANKS
6¢ < 10. See Figure $-3
.37 Atlenustion Function, F(ODH 4B 6d > 10, Ser Figures 51 thww =5
He>1, use 1/0
3 Opersting Frequeacy, { 5,0 GHsz Link Specificstions
.39 " R 6.5000 & Jiem 9 5 liem 20 x Jism 10
Y] ] oL 8T $.3508 2 ltem © 3 Jieim 20 1 o 19
31 . A . {ltem 253 x (ltem 9)1item 24)
NOTE: U/ rjend 2 ~ 15, set Ho = 0 (1 v ltem 25)¢
12 | Normalized Height of Honizon Ray 0356 See Figure 5-6
]Cvnslover, ny
35 |NOTE ey > 1. 1 * —_fem30
N B ng Z 1, Nse Items 34 — 37 —_— Utem 29, x (item 28)
Otherwise go to Step 38 .
See Figure 5-7
k) _
Hotr1) a8 ng>S use S
Sce Figure 5-7
3s }] —_ dB
Ho(r2 Hong >S5 use §
3% AH, ¢B | See Figure -8
Frequency Gsin Function, He
7 _ d 1 t + +
3 NOTE: i ng < 1, use Items 38 ~ 47 B ‘2 x (Item 34 + Item 35) + ltem 36
38 Holry) L0 dB | Sez Figure $-7. Ustn, =
39 Hotr2} st @B | Sec Figure S-7. Use ng = 1
40 AH, 0 d8 See Figure -8 Useny =}
41 |Frequeacy Gain Funcuon, Ho. g = 1 1olo 4B | 1/2 x (ltem 38 ¢ lter: 39) + ltem 40
42 ) Frequency Gain Function, Hey, ag = € 1,00 dB | See Figure 59 Uieng =0
4) [Frequency Gein Function, Hg 1.00 dB | ltem 42 ¢ ltem 32 (1. >m 4] - ltem 42)
44 | Frequency Gawn Function, Ho .00 4B | Liem 37 or ltem 43
4% | Atmospheric Absorptian, Ag — éB See Figure 6.7
.8 Easic Transmission Loss {or a Scatter de 30 log (ltem 28) ~ 20 log (lters §) + liem 27
Path, Lung: - + ltem 44 + Jtem 45 + 90
@ dn 1r.ed ke | 65(0.1/1tem 28)1/3
Vo -
e “@ RN e | peadTRETE . yieaTY
If et 9 % ltem 47 « ltem 48,
- 1307 ltem 9/(ltem 47 ¢ lterm 48)
Mective Distaace. 15
49 | Effective Distaace. &y e e I e 9> 1'em 47 & Item 48,
130 ¢+ ltem § — liem 47 — ltem 48
0 Long Term .F sding Parameter (or Climanic _ ap See Figure - 8
Regirn o, Va{50.de)
T .
st Long Trr—-A ed:ng Parameter for Climatsc - 4B See Fuvures 4- 9 through 4- 23
Regiun A, Yu(99.9 de)
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DavTa gmgCt YL N0\ (Tay oavg
B.5 TROPOSCATIER PATH CALCULATIONS et 0. 2(RD Lime nO
'::f’ i PERFORMANCE FACTOR vaLUE unirs ReuaARKS
\
y Terminai Elevatiod ‘Above Sea Lavel, O - From Path Profile
CTXL Mg
3 Term.nal Elevetion Above Ses Level, { O km From Path Profile
RX. heg
g Antenas Eievalion Above Ses Lavel, ( 005 - From Peth Profile
| TX. hyg
| Anteana Elevation Above Ses Level, : .
4 | RX, hyq l L00°% km From Path Profile
i Racio Horizon Elevation Adove Seas i P Profil
® | Level. TX. by, O | X | From Pem Profile
6 T Redio Horizon Elcvulion Above Ses 0 l km From Pamh Profile
! Leve) RX, by,
7 } Distance to Rsdio Horizon, TX, di ’ NI ] [T l From Path Proflle
| 9w H
8 | Distance 10 Radio Honizon, RX, dis ‘ R , km From Path Profle
i !
1
9 | Peth Length, ¢ ‘ 601 l k From Path Pralile
3
10 | Averege Elevation of Radio Honzons, , ( I e (ltem S + Ttem 612
hst
11 Averrge Elevation of Termunals, hg? l O ' km (Itecs 1 + ltem 2)/2
Hace, |
12 !:vera;e Eievaticn of Refractung Surface O | - Mo Qren 10, Itvm 11)
s
13 | Mean Refractivity, Ko - See Fagare 4-1
{
14 lRelncuvny #1 Refracting Surisce, N, 390 (ltem 13) exp (=107 x liem 1)
18 ‘ F.lfevtive Eorth'n Rudiun, » 10 820 kn See Figure 4.2
! Meun r.lvvuhnu,.TX Termmne! 1o TX O . From Path Profite
I Rudio Iurizon, j,
17 il\ean Elcv-nar..-Rx Termunsl to RX O = From Path P
‘:-dxo Horizon, hy
i 005 If items 16 > ltem L: [ em 3 = Ites 1
18 . TX, b .
| Effective Antenns Height. TX. bye I ltem 16 < Ttem 1: 1 em 3 = lte= 16
I tem 17 > ltem 2. Jtem 4 = ftem 2
. RX, b,
18 ’ Elfective Antenns Height. RX, hre -008 ke ! If Item 37 < ltem 2. item 4 = Jte= 17
20 | Anteona Elevanion Angle, TX, Fet _ o rad liem S — ltem 3~ ltem 7
! -000963 ltem ¢ 2 x ltem 15
1 Item 6 — liem 4 liem 8
21 | Ant Elevation Aagle, RX, § _ N Q rad -
cans o tie hid -000963 Iters 2 1 ltem 13
: ltem & tem 3 o lex 4
S 001810 RS, 0. SR 204 E2 2
7 G0 B red 2 x Item 1S ltem 20 < ltez= §
23 ~.001810 d lterm © flem 4 — ltess 3
B. " 2 x ttem 15 ttem 21 ¢ hie= 5
24 | Scaner Angle, O, . 003614 } red [ 1tem 22 + hem 23
28 Path Assymmeiry Parsmaeter, » 1 teen 22/1tem 23
26 (7] - [Ty ftem 24 % Jiem 9
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':"o"' PERFORMANCE FPACTOR vaLue uniTs ACMaARKS
64 10. See Figure -3
*3? | Attenuaion Functien, F(O€) éB 6d > 10, See Figures 33 1vwe 53
- We>1, use U/
23 | Operating Frequency, 5.0 GHz Link Specilicetions
29 " RIS €.3008 5 liem 95 ltem 28 8 ltem 18
bt ] L] g7 6.3808 5 liowm 3 jiek 208 Hoem 19
he 08 (vem 2S: = (Item 9Mltem 24)
" .():\ ’-'b [ € B em *m
NOTE. ey snd r2 - 1S, setHo =0 {1 ¢ ltem 250«
12 I Normalized Height of Nonzon Ray G304 See Figure 5-6
|Crossover, ng
33 |NOTE: Nag2 i, taet 3e-3 * —ttem 30 ____
: s se lrems - - -
-1 ltem 29 't
Orherwise go 1o Step 38 Giea A Utem 23)
! See Fagure 8-7
4 —_
Hetry) | 4B fng> 5, uae S
Sve Figure 57
3s 4B
Holr2) - Moy>5, use §
3 An, ¢éB | See Figure -8
Frequeacy Gawn Functaion, He
37 aB 172 It 34+ n 35) + It
NOTE: U a4 < 1, use ltems 38 — 43 — * Gtem e 38) ¢ lem 36
38 Holry) Lo dB | See Figure 5-7. Useng =1
39 He(r2) LG 4B | See Figure $-7. Use ag = !
40 AR, U dB | See Figure $-8 Useng = 1
41 |Frequency Gawn Funcuon, Ho. ng = t 1o 4B 1/2 x (ltem 38 « lter. 35) + liem 40
42 |Frequency Gain Function, He, ap = © L 00 dB | See Figure 5-9 U.eng =0
43 | Frequency Gain Function, M, LL.00 dB | ltem 42 + ltem 32 (1w 41 = liem 42)
44 | Frequency Gain Function, He 1.00 dB Liem 37 or tem 43
4% | Atmosphenc Absorption, Ay - dB See Figure 4.7
+
P EBasic Transmission Loss for a Scattse - a8 30 jog (Item 28) — 10 log (Iterm §) + liem 27
Path, Lpgr ¢ ltem 44 < ltem 45 + 90
T~ ]
@ 41 ] peen ke | 650.1/ltem 25)1/3
- “@ 18,43 w | podyesTr Vs T
If heen 9 S ltem 47 « Jtem 48,
= 130 2 ltem 9/(ltem 47 ¢+ Jtem 48)
flective Di 153
49 |Effective Disteace. dy B lem 95> lrem 47 o hem 48,
130 ¢ ltem § — ltem 47 ~ ltem 48
| Loag Term Fading Parameter {or Climalic
0 | - -
| Region n, VnlSO.de) dB See Figure 4-0
Long Term Tad:ng Paramete: for Climetse
st Reguon ®, ¥n(99.9.de) - dB See Figures 4- 9 through 4- 23
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Cata smpc ! "YE wo. V(Tas Davg
B-5 TROPOSCATTER PATH CALCULATIONS IS itin TR
Tem
wo. PEAFORMANCE PACTOR I VALVE unrys REMARKS
1 | Terminal Elevetiod ‘Above Sea Lavel, €] » From Path Proflile
FTX, hyg
g ! Termunal Elevation Above Ses Level, . From Path Profile
| RX. b Q
| Antena Elevation Above Ses Lavel, ~
3 | TX. hes L0053 km From Psth Prollle
. Antenna Elevation Above Ses Level, l 00n . From Path Profile
RX, hey N
| Kadio Horizon Elevation Apove Sea ¢ ‘ P
5 { Level, TX. by ! G [T From Psth Profile
Radio Horizon Elevution Above Sea i
6
Level RX. by 0 hm From Puth Profile
7 i Distance to Redio Horwzon, TX, dp¢ 8.7 ] L T From Peth Prefile
f Distance 10 Radio Horizen, RX, dis Q.7 km From Path Proflle
H .
9 ‘ Path Laagth, & 160 L From Path Prolfile
10 :v:n gt Eievation of Radio Horuzons, l 0 . (ltem S + Item 632
[
11 Avecrge Elevstion of Terminals, ha2 O Y (ltem 1 ¢ ltem 2)/2
1
12 :veun Elevstion of Relracung Suriace, 0 N Minimem (ltem 10, Jtom 11)
[
13 Mesn Relracvity, Ng See Fagure 4-1
34 | Refractivity 81 Refracting Surfece, N, 19() (tem 13) exp («~0.10+7 x lten 12)
9
18 | Fifeviive Eerth’n Rudiun. 8 8320 kn See Figure 4-2
16 | Meun r.l--vullml,_‘rl Termmne! to TX 0 - From Path Prefile
{ Redio liwszon, hy
W Mean Elcvunm.-kx Terminsl to RX 0 . From Path
Redio Horizon, by
Hitem 16> ltem [, lem 3 =Tten 1
13 1 . .
tE ective Antanna Height, TX, byy .005 5l ltem 16 < liem 1. 1 em 3 — lte= 16
= 10 tem 17 > liem 2, Jtem 4 = fle 2
t Effect L. .
9 i ective Antenna Heighl, RX, by .005 km If fem 17 < Ttem 2. stem 4 = He= 17
20 | Aateans Elevetion Angle, TX, $e¢ -.001098 md ltem S — Trem 3 _ ltem 7
* N fter 7 2 x ltem 1S
21 | Antenns Elevation Angle, RX, 8¢r ~-. 001098 md Dem6 —luem4 _ltems
Item & 2 x ltem 15
n +.008517 hem& gL lemdolesd
%o ™ | T wen 13 0TS
23 4+ ,008517 o Jtem © Hem 4 = liem 3
ﬂ. - 2 % ttem 15 liem 21 o lte= §
24 | Scener Angle, 0, +.01 TO35 read ttem 22 + ltem 23
25 | Path Assymmetry Porsneter. » 1 e 22/3tem 2)
26 6a - km  llew 24z ltem ®
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,L!O. PEAFORMANCE FACTYOR vaLut ["LIAS ) REMARKS
62 L 10. See Figure $-3
*27 | Attenustion Function, F(0d) 4B 10d > 10. See Figures 53 ¢hw 53
s> 1, use 1/
28 | Opersting Frequency, 58 0 GHz Link Specificstions
bt 14 ] 26.32 6.3808 2 ltem o5 lhem 28 8 hem 10
e L] 6.32 5.3808 3 liom €3 Jick 28 3 Hem 19
L L 13}
st e {ltem 25 u (ltem 9)ltem 24)
NOTE: Uf ry and r2 > 15, set Ho = © - Ul e Jtem 25
32 | Normalized Height of Honzon Reay . Ser Figure 5-6
]Croslcvu. Ny
Q
N . > — - Item 30
33 |NOTE: If ng 2 1, Nae ltems 34 = 37 (“"_—_.n 29) = item 25)
Otherwise go to Step 38 .
See Figure 5-7
34
Hotry) - 9B {Ung>5 use $
Sve Figure 5.7
as 4B
Holr2) - Hag>5 use $
3% aH, - B ' See Figure 5- 8
Fi y Gaia F He
37 - d Item 34 ¢ It *+ lem 36
NOTE: Li ng < 1, use Items 38 — 43 - B |13 en w39 ¢ lum
3 Holry) - a8 | Ses Figure $-7. Usrng =}
‘f
» Heolr2) _ d8 ' See Figure $§.7. Use ng = |
40 AR, - dB ' See Figure S-8 Useng =i
41 [Frequeacy Gain Funcuon, Ho. ag = 1 dB 172 % (ltem 38 ¢ lter. 39) + liem 40
42 |Frequency Gawn Function, Hy, ne = © ‘ __ dB | See Figure $-9 U.eng =0
43 | Frequency Gein Functien, K, l - daB lem 42 ¢ ltem 32 (1. >w 41 - ltem 42)
44 | Frequency Gawn Function, Hy O aB f2em 37 or ftewm 43
4% | Atmosphenic Absorption, Ay - dB See Figure 6.7
P Basic Transmission Loss for @ Scatter ‘ — 4B 30 tog (ltem 28) = [0 log (ltem §) « Liem 27
Peth, Lpgy * Jtem 44 ¢ ltem 45 « QO
7 dg) r 17.64 bm | 65(Q.1/1em 28173
18,43
] o e | pead TR VT TH
1 em 9% lem 47 » ltem 48,
oo 4
49 | Eftective Distance. ¢ SO0 e 130 5 Jtem 9/(lterm 47 ¢ Jtem 48}
if liem 9> lvem 47 ¢ ltem 48,
130 ¢+ liem O = ltem 47 = hiew 48
Long Term Fading Parameter for Climstic
$0 - -
Regien a, Va(%0.de) a8 See Figure 4- 8
Long Term Tading Paremeter for Climstec -
3 Reqrim . 10(99.9. 001 4B | See Firurre 4 9 throuh 4423
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Cava amib ! BT N0, V(T Oave
B-5: TROPOSCATTER PATH CALCULATIONS |Sviwc 37hs CimE RO
tTEm
-y PERFORMANCE FACTOR NaLvE uNITY ALwANKS
y | Termunei Elevauiod ‘Above Ses Lavel, . From Path Profile
| TX, hig [¢]
2 i Terminai Elevation Above Sea Level, 0 - From Peth Profile
| RX, heg
3 Antenaa Elevalion Above Ses Level, .005 - From Path Proflle
TX, hyg
P Antenna Elevation Above Ses Level, 005 - From Peth Profile
| RX. by
| Radio Horizon Elevation Above Ses = Path Profil
s ' Level, TX. b1t [¢] From Path e
Redio Honzon Elcvetion Above Ses
L] Level RX. hp. () m From Path Profile
7 Diatance to Redio Horizon, TX, dr, 9,8 km From Psth Prefile
[ Distence to Radio Honzon, RX, dLs 9.9 [ From Path Prullle
1 4 Path Langth, ¢ 160 ko From Path Profile
10 :v:rtcl Elevation of Radio Horxons, (8] o (Ttem S + rem 6)/2
s
31 | Averrge Elevation of Termuinals, hg2 0 km (Item 1 + liem 2)/2
Average Elevation of Refracung Surface,
12
. (4] » Misiman (1tew 10, tom 11)
13 | Mean Refrscuvity, Ng —_— See Figure 41
14 | Retractivity &t Refracting Surfsce, N, 390 (ltem 13) exp (=0.10+7 x ltens 12)
1S | Effective Esrtn's Rudiun, & 10,820 tn [ See Figure 4-2
" ;Ir.n l'.l--vulhm.-'l’l Terminul te TX 0 . From Path Prafile
Redio tlurixon, h,
17 Meen Elevlllcn..Rx Terminel to RX 6] - From ¥
Redio Honzon, h,
. .005 I ltem 16> ltem L. Jem 3 = Ttea 1
18 | Eflective Antenne Height. TX, b,y km 1 ltem 16 < ltem 1. 1 om 3 — Jte= 16
I ltem 17 > lem 2. htem 4 = ftem 2
f t, .
19 | Effective Antenns Height. RX, hre .005 bt 1 ltem 37 < Mem 2. stem 4 = lie= 17
20 | Acienns Elevation Angle, TX, Vg _ o rad ltem s — jtem 3 Mtem 7
- 000963 Ttem 7 2 s tiem 18
21 | Antenns Elevation Aagle, RX, Ggr -.000863 red Nem6 —ltems _lemB
tem 8 2z ltem 15
Cam Item & ftem 3 — ftez &
n Ge ~. 006451 red <z frem 1% ltem 20+ jte= §
2 . 643 d Item © frtem 4 = liers )
B. +.0084.51 " 2% ftem 15 ° Mem 31 e T
24 | Scatter Angle, 0, +.012861 red tiem 22 ¢ frem 23
25 | Path Assymmetry Parsneter. 8 1 ftems 22/3tem 23
26 [} - " lem 24 = Jtem 9
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",,"9'.' PEAFONMANCE FACTONR value uniTs REMARKS
6d L 10 See Fiquee $-3
*27 | Atienuation Punctien, PO - 48  {0d> 10, See Figures 52 s 53
MWe> 1, usel/n
28 { Operating Frequescy, 3 L GHs Link Specaficetions
-39 [§ 26,30 4.3808 5 liem 93 ltom I3 Jiem 1§
» L 26.32 6.3008 5 liem O & Niekn 20 2 Hom 18
1 be - rm (tem 25} = (ltem 9Mltem 24)
KOTE: If r} and r7 ~ 15, set Ho = 0 (1 e hem 250
12 | Normatized Height of Nonzon Rey __ See Figure 5-6
|Crossaver. ng
2 [NOTE: 1oy 1. Mae hems 34 = 37 —lem 30
: 1Y . Nae ltems - —_— -
- 9, 5
Otherwise go to Step 38 Otem 2 )-' {tem 29
See Figure 5-7
34
Hetrn) - a8 Itng>S use §
Sce Fagurw $-7
3 _ d
Hotr2) B Ung > 5 une §
36 A&H, - ¢B | Sce Figure S- 8
37 Frequeacy Gein Fuaction, He
—_ [} E t + Jtem 35) ¢ lte
NOTE: Ui ng < 1, use livms 38 — 43 B [ 173 x(iem 34 ¢ Tiem 35) + Lam 36
33 Holry) [— d8 | See Figure $-7. Usrng =1
» Hote2} - 6B | See Figure $-7. Ust ng = 1
40 AR, -—= dB | See Fagure 5-8 Useng =1
41 | Frequency Gaun Funcuon, Ho. 0y = { — dB | 172 5 (ltem 38 + Iter, 39) + Jtem 4D
42 |F Gain F Ho. ag =0 — dB | See Figure 59 U.enya =0
43 ) Frequency Gain Function, Y, —_ dB Item 42 ¢ jtem 32 (Jiom 4] = liom 42)
¢
44 |Frequency Gain Function, He dB Lem 37 ocr ltem 43
4% | Ammosphenc Absorption, Ag - dB See Figure 4+ 7
Py Basic Transmission Loss f{or 8 Scetter _— 4B 30 log (ltem 28) ~ 20 log (iters §) + liem 27
Path, Lpgy + Item 44 ¢ ltem 45 + 90
& 17.64 ke | 650.1/1tem 201173
| ees “« 18.43 w | pead e, ies o
. I hem 9 S ltem 47 » ltem 48,
253 130 2 Item 9/(ltem 47 * lem 48)
9 flective Distance, [
N Effectis * b - If iem 9> lem 47 + ltem 48,
130+ erm § — Jtem 47 = Liem 48
Long Term Fading Perameter for Climatic
0 - -
Regien n, Va(%0.de? d8 See Figure 4-0
Long Terw Ead:ng Parsmeter lor Climetsc
$1 Fegoom n. ¥(09.9.d0) - éB See Fivuree 4+ § through ¢+ 28
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EFFECTIVE EARTH'S RADIUS, 0, IN KILOMETERS
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Eftective Farth’s Radius, a. Versus Surface Refractivity, Ng

Figure AQ.

Effective Earth”s Radius,
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ho IN KILOMETERS

The Parameter 1 (hg). Used to Compute Ho(r1.r2. S, +)
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Normalized Helght
(Ref 1:

of Horizon Ray

Figure
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He IN DECIBELS

fy .72

The Frequency Gain Function, Hyg

Figure All. Frequency Gain Function, H , for n_ 2 1
(Ref 1: Figure 5-7) i
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Ho(my«0) IN DECIBE

'x

The Parameter Y, for - =0

Figure Al3. Frequency Gain Function,
(Ref 1: Figure 5-9)
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